Enhancing energy sustainability in buildings by implementing low carbon refrubishments by McCauley, Lorraine
  
   
 
 
ENHANCING ENERGY SUSTAINABILITY IN 
BUILDINGS BY IMPLEMENTING  
LOW CARBON REFURBISHMENTS 
 
 
 
 
Lorraine McCauley 
 
 
 
 
 
 
 
 
 
 
 
 
A thesis submitted in partial fulfilment of the requirements of Edinburgh Napier 
University, for the award of Master of Research from The School of Engineering & 
the Built Environment 
 
 
 
 
 ​June 2016 
 
1 
 
ABSTRACT  
The thesis aimed to investigate the feasibility of enhancing a building’s energy 
sustainability by implementing low carbon refurbishments. The research focused on 
the low carbon refurbishment of the Energy Technology Centre (ETC) as a case study. 
The ETC was selected by REGAIN an Interreg programme contributing to the 
reduction of CO2e emissions through alternative industrial estates management in 
Europe. As a 1950’s non-domestic building in Scotland, the ETC was selected for 
refurbishment to reduce its energy demand and greenhouse gas emissions.  
 
The research analysed the impact of the building refurbishment on the ETC’s energy 
demand for heating in terms of energy, cost and CO2e savings. The research methods 
establish the U values of the building fabric pre and post refurbishment and a steady 
state building simulation model was built to calculate the energy demand for heating 
of the ETC building. The building model was validated against two existing building 
models by private contractors, Wallace Whittle and TUV NEL. From the model the 
resulting energy demand reduction, CO2e and cost savings from each refurbishment 
step were calculated and benchmarked against the CIBSE ECON 19. The 
refurbishment included the upgrading of the walls, roof, floor, doors, windows and roof 
lights. Low carbon energy systems such as LED lighting were also installed to reduce 
the energy demand from lighting. 
 
The findings showed that total reduction in energy demand for heating from the whole 
refurbishment was 37,213 kWh per annum, which in turn saved £3,751 in energy costs 
and 16,578 tonnes CO2e per annum. The payback period for the refurbishment as a 
whole was 60 years. The refurbishment reduced the total heating energy demand, 
CO2e emissions and energy costs by approximately 25%. The most effective 
refurbishment measure according to the analysis was the floor refurbishment with a 
payback period of 6 years, reducing CO2e emissions by 10%. Windows were the least 
effective option with a payback period of 416 years and a reduction in CO2e by 0.64%. 
Switching from fluorescent tube lighting to LED reduced the lighting energy demand, 
CO2e and energy costs by 75%, with a payback period of 4.6 years. The research 
highlighted the lack of energy use data for non-domestic buildings and the need for 
more financial investment to increase refurbishment to address climate change.   
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Chapter 1: Introduction  
1.1 General problem identification  
The threat of climate change, declining resources and the need for greater energy 
security has highlighted the need to reduce reliance on fossil fuels. This will require 
greater energy efficiency and a shift to renewable forms of energy. The escalation of 
energy costs and impacts of energy consumption on the environment have compelled 
government agencies and researchers to develop tools and refurbishment measures 
to conserve energy in existing buildings [1]. Energy demand can be reduced in existing 
buildings by improving the performance of a building’s envelops. To establish the 
impact of each low carbon refurbishment option the energy, environment and 
economic costs need to be calculated and analysed.   
 
Buildings, both domestic and non-domestic, account for around 44% of the UK’s entire 
greenhouse gas emissions, with 19% coming from non-domestic buildings. In order to 
meet the 80% carbon reduction target for 2050 set out in the legally-binding Climate 
Change Act 2008 and to reduce fuel bills, the UK must make its buildings more 
sustainable and energy efficient. 
 
The UK has some of the oldest building stock in Europe, most of which will still be in 
use by 2050. In the Building the Future, Today report by the Carbon Trust, findings 
demonstrated that in 2005 two-thirds of emissions from non-domestic buildings came 
from industrial, retail, leisure and hospitality buildings and commercial offices. Nearly 
half of emissions currently come from heating; just under a quarter from lighting and 
the remainder split between cooling and everything else [2]. 
 
Much of the building stock in the UK is old and inefficient in its energy use and they 
are being replaced at a very slow rate. In 2006, the Building Regulations relating to 
energy use in new and refurbished buildings were updated yet minimum compliance 
with Building Regulations alone will not achieve the scale of carbon emission 
reductions now required. Non-domestic buildings are responsible for nearly a fifth of 
all UK carbon emissions. Significant cuts in emissions from non-domestic buildings 
are therefore likely to be essential as part of the UK’s commitment to reduce carbon 
emissions by at least 80% by 2050. 
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Of the buildings that will be standing in 2050, 60% are already built and 40% will pre-
date 1985 when Building Regulations relating to the conservation of fuel and power 
(Part L) were first introduced. It is therefore very important to tackle energy 
consumption in existing buildings. Although there has been much recent focus on 
measures to reduce the emissions from new buildings, the existing building stock 
remains largely untouched and many refurbishment projects miss opportunities to 
reduce emissions and deliver low carbon [3]. 
 
According to the Carbon Trust, non-domestic buildings present a particularly good 
opportunity to cost-effectively reduce the UK’s overall carbon emissions. It suggests 
that a 35% CO2 reduction could be made by 2020 against 2005 levels with a net benefit 
to the UK of at least £4 billion. It also estimates that up to 75% of carbon could be cut 
by 2050 at no net cost, using measures that exist today [1].  
 
Building refurbishments aim to reduce operating costs, improve comfort levels, 
increase occupant satisfaction and enhance reputation, as well as delivering 
significant reductions in carbon emissions. According to Penoyre and Prasad [46] most 
refurbishments in the UK have been carried out to ensure that a building remains fit 
for purpose, very few refurbished a building with reducing the buildings energy 
demand and impact on the environment as its main aim. Yet all scales of refurbishment 
activity offer opportunities to deliver energy and CO2 reductions. Most refurbishments 
increase energy efficiency by improving the thermal performance of the building 
envelope and reducing energy use for lighting, heating, cooling, ventilation and 
equipment. To make further cuts in energy usage and CO2 emissions buildings also 
switch fuel from electric or oil based heating to gas or changing to on-site energy 
generation. Passive measures such as daylighting, shading and natural ventilation 
have also played a key role in reducing a buildings energy demand if a refurbishment 
has been radical enough. 
1.2 Background of research  
To reduce CO2 emissions in existing buildings there is an increasing need to under-
stand the impacts of low carbon refurbishment options available to reduce a buildings 
energy demand.  As Penoyre and Prasad [46] found few non- domestic building refur-
bishments have focused mainly on energy demand reduction as its key objective. 
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Therefore there is little data available on the impacts of low carbon refurbishment op-
tions on the reduction of CO2 emissions, energy demand and costs. As non- domestic 
buildings in the UK account for about 19% of the CO2 emissions the need to increase 
their energy sustainability to contribute to reaching the Climate Change Act targets is 
essential as well as addressing rising energy costs and security issues.   
 
In order to enhance the energy sustainability in a non- domestic building the impacts 
that low carbon refurbishments have on a buildings energy demand and running costs 
need to be identified. Therefore the aim of the research was to calculate the impacts 
low carbon refurbishment options have on energy demand, CO2 and cost savings at 
the Energy Technology Centre (ETC). The ETC was selected as a case study because 
its main aim for refurbishment was to reduce the buildings energy demand and 
greenhouse gas emissions. The ETC building was part of the REGAIN project aimed 
at contributing to the reduction of greenhouse gases through alternative industrial 
estates management in North West Europe. The REGAIN programs overall aim was 
to encourage investors to build or to refurbish industrial buildings to ensure high 
energy performances by providing best practice exemplar buildings from which to 
learn from. As such the need for data on the impacts of each refurbishment option was 
an essential part of the REGAIN project.  
 
Through the REGAIN project the ETC also had a budget available to implement a 
range of low carbon refurbishments that may not have been possible if the project had 
just focused on refurbishment steps that had a short payback period or if the 
refurbishments main aim had been to make the building fit for purpose or to meet 
current regulations. The aim of the REGAIN project was primarily to decrease the 
energy demand and relating CO2 emissions which offered the author a chance to 
explore the impacts of more low carbon refurbishment options than is usually carried 
out in most current refurbishment projects. Therefore the ETC refurbishment was a 
suitable case study for evaluating the impacts of low carbon refurbishment steps when 
aiming to enhance the energy sustainability of a non- domestic building.  
 
Before the author began research at the ETC a number of surveys and commissioned 
reports had been carried out on the ETC building to evaluate and propose the best 
low carbon refurbishment options available. In a study undertaken by TUV NEL [23] a 
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heat loss model of the building was created to understand where improvements to the 
building could be made. It was recommended that insulation and double glazing 
should be used to reduce the heating demand in the ETC. The use of motion detection 
for lighting controls was recommended to reduce the electricity usage, and rainwater 
harvesting was suggested to minimise the water usage on site. The report also 
investigated a range of renewable energy technologies for their feasibility at the ETC 
site.  
 
In October 2009, a consulting company Wallace Whittle was commissioned to provide 
a feasibility study and services scope for the low carbon refurbishment of the ETC [22]. 
The Wallace Whittle study found that the predicted baseline energy usage and 
equivalent CO2 emissions demonstrated that the heat load was predominate in the 
building. In addition, there was continual electrical demand from lighting, auxiliary and 
office type equipment.  In response to this they recommended that the budget 
spending should focus on reducing the heating demand and meeting the remaining 
heat demand by using the most carbon appropriate technology available. Suitable 
technologies and strategies identified to reduce the heat demand included 
improvements to the building fabric insulation, specifically under the office floor slab in 
building 1a, installation of a high efficiency natural gas boiler or a biomass boiler or 
micro combined heat and power. Other suitable technologies proposed were solar 
thermal domestic hot water heating and/ or process heat recovery and finally in order 
to reduce the electricity demand they recommended the installation of high efficiency 
lighting with automatic control. 
 
A study was also carried out by an MSc student from the University of Glasgow into 
the ETC refurbishment proposal. The study was titled ‘Assessment of the reduction in 
energy use from a non-domestic building undergoing low carbon refurbishment’ and 
was by Ellen Upton [49]. The study used the energy performance data from the 
Wallace Whittle [22] report of the ETC building pre- refurbishment as well as the 
buildings carbon emissions. A methodology was then proposed by which to assess 
the building performance post refurbishment to demonstrate any improvements made 
to the building and establish the success of the refurbishment. The study worked to 
determine which methodology would best capture any changes to energy demand 
from the building despite the real time monitoring limitations set by the fluctuating use 
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of energy for services within the building. The ETC building is a testing facility for new 
technologies and as such rents out workshops to various clients testing new 
equipment. Therefore, the building occupant numbers and energy use fluctuate greatly 
throughout the year, depending on the amount of testing occurring at any one time. 
As such the study by Ellen Upton concluded that to prove the success of the ETC 
refurbishment long term monitoring equipment needed to be implemented. To 
demonstrate that the building achieved an energy demand reduction Upton 
recommended that the monitoring equipment should exclude any energy use due to 
the testing equipment, as it would make it very difficult to calculate the impacts the 
refurbishment of the building envelope may have on the ETC’s building energy 
demand.  
1.3 Scope of research   
Reports to date on the REGAIN refurbishment at the ETC have focused on 
investigating and recommending various low carbon refurbishment options available 
for selection as well as advising on monitoring requirements in order to capture the 
results once the refurbishment has taken place. Unlike the studies to date the scope 
of this research was able to focus on the specific low carbon refurbishment options that 
the ETC selected for implementation. Therefore, access to the architects drawings and 
new building fabric specifications became available and were used to create an up to 
date building model to investigate the potential impacts that the low carbon 
refurbishment steps would have on the ETC buildings energy demand, cost and 
greenhouse gas emissions.  
 
A number of limitations needed to be taken into consideration when deciding what 
measurements were required to achieve the aims of the research. As previous studies 
had highlighted the ETC building is a testing facility for new renewable energy tech-
nologies which results in infrequent energy demand. Therefore, the energy usage var-
ies throughout the year as it depends on the scheduled experiments, which corre-
sponds to the number of clients using the building at any one time. The lack of con-
sistent baseline energy data may account for why the TUV NEL [23] and Wallace 
Whittle [22] both choose to create dynamic simulation building models to calculate the 
energy demand for the ETC. Although the results of both reports were available there 
was insufficient background information on how the U value calculations were made, 
so the author gathered the necessary data required to create a new building simulation 
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model using CYMAP. The actual energy data was still unreliable at the ETC so to 
evaluate the impacts of each refurbishment step on energy demand, costs and CO2e 
savings constructing a new building model was the best option.  
 
According to the Wallace Whittle report the heat load was predominant in the building 
so in order to estimate the impact of each refurbishment step the heating demand of 
the building was identified as the best indicator of success. When constructing the 
building model it was also decided that the model should focus on just Building 1 and 
1a, as this was the original and oldest building of the ETC, constructed in the 1950’s 
and it had a more uniform building fabric and structure throughout which would make 
for a more reliable set of conditions from which to compare and contrast each refur-
bishment step. Building 1 and 1a was also where most of the refurbishment took place 
so it made sense to focus the research on this building as opposed to building 2 and 
2a which was constructed in 1991. Investigating the 1950’s building also held particu-
lar interest as its construction pre-dated the 1985 building regulations relating to the 
conservation of fuel and power (Part L). Therefore, despite the limitations of the re-
search the ETC building still presented itself as a good example of an older non-do-
mestic building refurbishment, by which to establish the impacts of a low carbon refur-
bishment in terms of energy, cost and CO2e savings.   
 
Unlike other refurbishment projects its main aim was primarily energy demand and 
greenhouse gas reduction. As it was a refurbishment funded by the Interreg, a financ-
ing instrument of European regional development, it had the capacity to implement 
various low carbon refurbishment options without being completely restricted to op-
tions that were purely bound by economic priorities only. This gave the research an 
opportunity to see what CO2e reductions could be achieved when cost is not the only 
decision making factor.  
 
The overall aim of the research was to evaluate, under set conditions, the impact of 
each low carbon refurbishment option on a non- domestic buildings energy demand, 
CO2e emissions and cost savings. To meet these aims the first objective of the 
research was to measure the annual energy demand of the ETC building 1 and 1a pre-
refurbishment. Bearing in mind the limitations of the research a CYMAP building model 
was constructed to measure the annual energy demand by collating data on the pre 
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refurbishment building fabric and its thermal properties from existing reports and a site 
survey. The findings were then compared against the typical building fabric of a 1950’s 
non-domestic building as presented in the CIBSE Guide A [26]. 
 
Once the building model was constructed to replicate building 1 and 1a at the ETC the 
annual energy demand of the building pre refurbishment could be measured. Based 
on the energy demand for heating results the cost of heating energy was calculated 
and the amount of greenhouse gas emissions per annum was also measured. 
 
The second objective was to measure the annual energy demand for heating of 
Building 1 and 1a post refurbishment. Based on the CDA drawings and building fabric 
specifications the new building fabric was established and inputted into the building 
model. Once all refurbishment steps were inputted the buildings energy demand for 
heating post refurbishment was measured.   
 
The third objective was to analyse how successful the whole refurbishment had been 
by comparing the heating energy demand before and after the refurbishment as well 
as calculating the impacts on the energy costs and CO2e emissions per annum.  The 
economic success of the refurbishment was also analysed by quantifying the overall 
payback period of the whole refurbishment by utilising the work schedule costs 
produced by Red Sky Consulting.  
 
The fourth objective was then to use the model to investigate the impact and success 
of each low carbon refurbishment step by removing one refurbishment step at a time 
and measuring the difference each step made to the overall annual energy demand for 
heating in Building 1 and 1a. From these results the energy cost and CO2e savings 
could also be analysed as well as the payback period of each step. This enabled the 
research to compare and contrast the impact of each refurbishment step. 
 
The final objective was to investigate any further measures the refurbishment could 
take to reduce the buildings energy demand in regards to lighting, small power and to 
propose options by which to replace the current energy supply with a lower carbon 
form of energy. In particular, the impact of the projects investment in LED lighting was 
18 
 
measured and presented in terms of its overall payback period and impact on the 
energy demand, costs and CO2e savings.   
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Chapter 2: Literature Review  
2.1 Global energy use and environmental situation  
World energy use has rapidly grown, raising concerns over supply difficulties, exhaus-
tion of resources and the resulting environmental impacts caused by climate change. 
The International Energy Agency (IEA) gathered data on energy consumption trends 
predicting that primary energy demand will continue to grow as seen in Figure 2.1. 
Global energy demand is set to increase by one- third from 2010 to 2035 with China 
and India accounting for 50% of the growth [48]. 
 
 
Figure 2.1 Growth in primary energy demand – by region, IEA, 2012 [48] 
 
The relationship between energy consumption, economic development and population 
growth puts global policy attempts to invert this trend by increasing energy efficiency 
into question. Globalisation, improvement of living conditions in emerging regions and 
the development of communication networks, promote developed nations’ life style 
and raise energy needs to meet consumption patterns that will exhaust fossil fuels and 
will produce a serious environmental impact. As such current energy and socio-eco-
nomic systems are unsustainable and alternatives need to be found [16]. 
 
The world relies heavily on fossil fuels to meet its energy requirements – fossil fuels 
such as oil, gas and coal provide almost 80% of the global energy demand. As is seen 
in Figure 2.1 the global energy demand is increasing as human population, 
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urbanisation and modernisation increase. This is putting real pressure on finite oil 
resources, according to IEA about 1000 billion barrels of oil have already been 
consumed globally and 1000 billion barrels of proven oil reserves are left [17]. A study 
by the World Energy Council (WEC) found that without any change in our current 
practice, the world energy demand in 2020 will be 50–80% higher than 1990 levels. 
Such increasing demand could place significant strain on the current energy 
infrastructure and increase carbon emissions affecting climate change [34]. According 
to the IPCC’s fifth assessment report published in 2014, the effect of human influence 
on the climate system is clear, and recent anthropogenic emissions of greenhouse 
gases are the highest in history. Anthropogenic greenhouse gas emissions have 
increased since the pre-industrial era, driven largely by economic and population 
growth and are now higher than ever. This has led to atmospheric concentrations of 
carbon dioxide, methane and nitrous oxide that are unprecedented in at least the last 
800,000 years. Their effects, together with those of other anthropogenic drivers, have 
been detected throughout the climate system and are extremely likely to have been 
the dominant cause of the observed warming since the mid-20th century. The 
atmosphere and ocean have warmed, the amounts of snow and ice have diminished, 
and sea level has risen. Recent climate changes have had widespread impacts on 
human and natural systems.  IPCC estimates suggest that if current emissions 
trajectories continue, it will be impossible to keep the rise in global average surface 
temperatures to 2°C above pre-industrial levels [30]. Despite the IPCC findings, global 
governance efforts have, to date, proven woefully inadequate to tackle the growing 
impact of human activities on the atmosphere, biosphere, geosphere and 
hydrosphere. The effective mitigation of global climate change is a monumental task, 
requiring nothing less than the fundamental reorientation and restructuring of national 
and international institutions toward more effective earth system governance and 
planetary stewardship [31].   
 
Although the connections between global energy consumption and climate change are 
well documented within the scientific community, historically there has been only lim-
ited policy interaction and integration, between these two fields. Yet current research 
by Heubaum and Biermann [32] on integrating global energy and climate governance 
has found that the International Energy Agency (IEA) in recent years began to inte-
grate governance between global energy and climate governance. As the IEA begins 
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to broaden its portfolio to embrace the full spectrum of energy issues, including renew-
able energy and climate change, it has developed partnerships with the UN climate 
convention and the International Renewable Energy Agency and is becoming an au-
thoritative advocate for the inter-related goals of a low-carbon transition and climate 
change mitigation [32]. 
 
Achieving solutions to environmental problems will require long-term actions towards 
building more sustainable systems as well as the integration of energy and climate 
change policies [32]. Increasing energy needs [48][16][10], coupled with decreasing 
resources presented by the IEA [17] and climate change [30][31][33][34] signals that 
the current system in which humans operate on this planet is unsustainable. To avoid 
catastrophic climate change and to address energy security issues a more sustainable 
way of using and managing energy resources needs to be established.  
 
In response to these issues, the UK Government passed the Climate Change Act in 
2008, requiring the UK to reduce greenhouse gas emissions by at least 34% by 2020 
and 80% by 2050 - below the 1990 baseline. These targets require effective leadership 
and management of change in all UK industry sectors. According to IEA (2010), total 
energy demand in the building sector will increase by about 60%, from 2,759 Mtoe in 
2007 to 4,407 Mtoe in 2050; with non-domestic buildings accounting for approximately 
40% of this projected growth. Therefore, the building sector is potentially a key con-
tributor to meeting the UK emissions reductions targets. In the UK, although significant 
work is being undertaken on new low energy buildings, it is the existing building stock 
that dominates energy use in buildings, due to the vast number of older buildings and 
the slow rate of replacement [10]. The energy performance of many old buildings in 
Europe and the UK is extremely poor, while their economic, social and cultural values 
are often high [36]. 
2.2 Energy use in buildings  
Globally, buildings are responsible for approximately 40% of the total world annual 
energy consumption. Most of this energy is for the provision of lighting, heating, cool-
ing and air conditioning. Growth in population, enhancement of building services and 
comfort levels, together with the rise in time spent inside buildings, have raised build-
ing energy consumption to the levels of transport and industry, as shown in Table 2.1 
[16]. 
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Table 2.1 World final energy consumption by sector (Source: IEA) [16] 
Final energy consumption by sector (%) 1973 2004 Ratio 
Industry 39 30 0:76 
Transport  25 28 1:14 
Other sectors (includes Buildings) 36 42 1:16 
 
The term, other sectors, is ambiguous and produces great confusion. Many interna-
tional, national and regional sources include different end uses within this concept, 
which makes any sort of comparison difficult. In 2008 Perez- Lombard concluded that 
in the UK building energy consumption had increased at a rate of 0.5% per annum, 
slightly below the European figure of 1.5%. In contrast building energy consumption in 
Spain is increasing at a rate of 4.2% per annum, well above both the European and 
the North American (1.9%) rate. Economic growth and expansion of the building sector 
and the spread of building services, especially heating, ventilation and air conditioning 
(HVAC) systems all contribute to the increase [16].  
 
Ambitious plans for tightening the energy provisions of building codes have been an-
nounced by a number of countries, complemented by measures to require significant 
improvements in the energy performance of buildings at the time of major renovations. 
However, significant growth in building floor area over the coming decades is projected 
in many parts of the world. Without a sufficiently detailed accounting framework, it is 
impossible to know what the net effect of increasing building floor area and global 
extension of the proposed tightening of building codes for new and renovated buildings 
would have on overall fuel and electricity demand [33]. 
 
In 2004, building consumption in the EU was 37% of final energy, bigger than industry 
(28%) and transport (32%). In the UK, the proportion of energy use in buildings (39%) 
was slightly above the European figure. This in part was due to the shift away from 
heavy industry towards service sector activities. The IEA, in its International Energy 
Outlook, analysed and forecast future trends in building energy consumption, conclud-
ing that energy use in the built environment was set to grow by 34% over the next 20 
years, so by 2024 [16].  
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On one hand the energy demand of buildings is rising, and on the other attempts are 
being made to reduce energy demand as the problems relating to energy security, 
rising costs and emissions are well documented. Issues arising when attempting to 
address energy use in buildings include a lack of consistent data available to estimate 
non-domestic building energy use and increased energy demand.  
2.3 Non-domestic building stock and energy use 
Non-domestic buildings occur in the industrial, commercial, public service, transport 
and agricultural sectors. Hence, the non-domestic building stock not only consists of 
numerous different built forms but also incorporates extremely diverse activities. Both 
these factors have a fundamental influence on energy consumption and resulting 
carbon dioxide emissions [43]. 
 
Although energy use in domestic buildings is relatively well-understood considerably 
less information has been available on energy use in the non-domestic building stock. 
According to UK GBC this is due to the many different types of organisations involved 
in the provision and management of the non-domestic stock, the physical and 
economic heterogeneity and the relatively minor cost of the energy use in the overall 
costs of non-domestic building activities. The report also found that monitoring and 
understanding the non-domestic stock did not have the long-term political priority like 
that assigned to the domestic stock [14]. Even though according to Ravetz J [36] in 
terms of energy use, non-domestic stock is as much a concern as domestic housing, 
but until recently it only received a fraction of the attention. Like the UK GBC [14], 
Choudhary [37] also found that large-scale assessment of the non-domestic sector is 
often infeasible or difficult due to the sheer diversity of use, activities, and ownership 
structures within it. Recent policies such as the Carbon Reduction Commitment (CRC) 
scheme, energy certificates, climate change levy & agreements (CCL), and renewable 
heat incentive (RHI) were all designed to reduce emissions from the commercial 
sector. It is difficult to know what impact these initiatives will have. Therefore it is 
becoming increasingly necessary to be able to instrument and quantify which 
measures will be most effective and where they will yield most benefits [37]. In 
response, this thesis focused on quantifying the impacts of low carbon refurbishments 
on a non- domestic building in terms of energy costs, demand and CO2e emissions. 
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According to the DTI annual report from 2007, the majority of data available on non-
domestic buildings at that time did not focus on energy use, performance or carbon 
emissions. The Valuation Office Agency (VOA), database holds statistical evidence 
covering all commercial and industrial recorded property types. This covers floor 
spaces and rateable values, but not conditions, construction or other finer detail: the 
supply side data are covered in the DTI, Construction Statistics Annual [38]. The non-
domestic building data is divided into four main bulk classes, i.e., factory, retail, office 
and warehouse premises. Non-domestic building trends are illustrated in Fig.2.2 on 
the basis of floor space per premise, disaggregated by age and building type [12]. 
Valuation Ofﬁce Agency ﬂoor space statistics see Figure 2.2 below [14]. 
 
Figure 2.2 UK non-domestic building stock: average floorspace per building [12] 
 
The collection of data from UK-GBC members and work carried out by Heriot-Watt 
University has shown that electricity use in non-domestic buildings has risen very 
closely in line with ﬂoorspace. Resulting in a situation whereby all the energy efficiency 
measures of Building Regulations have been negated by an increased use of energy 
for small power uses, which is likely to have had an impact on cooling energy use. 
This indicates that guides such as ECON 19 (CIBSE Energy Consumption Guide 19 
– Energy Consumption in Offices) are still likely to be reasonable guides for assessing 
energy consumption [14].  
 
In a more recent study by Choudhary in 2011 [37] it can be seen that the availability 
of data on energy use in non-domestic buildings was increasing. The study focused 
on non-domestic stock in London and information was gathered from mapping 
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databases, floorspace statistics, energy benchmarks, and measured energy 
consumption reported in display energy certificates of public buildings. The increasing 
need for large-scale action to reduce energy and carbon emissions from buildings; has 
in turn increased the need for reliable energy data on the energy performance of non-
domestic buildings. The Carbon Trust has called for continual data improvements, 
recommending that all commercial buildings should achieve at least an F-rated energy 
performance certificate by 2020 [35]. 
 
Following the energy crisis in the 1970’s the energy consumption in buildings first 
came under the spotlight. Yet up until 2000 there were relatively few condition or 
performance audits for existing properties, one of the first assessments was carried 
out by the Building Research Establishment [42] on the UK commercial and industrial 
building stock. The lack of data was a cause for concern and lead to a major effort to 
develop a national Non-Domestic Building Stock (NDBS) database to model energy 
use [39]. By analysing the Valuation Office database, this inferred a comprehensive 
list of building forms, servicing and efficiency. One result from this new database was 
the National Non-Domestic Buildings Energy and Emissions Model (N-DEEM), which 
was used for modelling energy policy impacts [40]. Until recently, the UK relied heavily 
on surveys and modelling work carried out in the 1990’s when developing policy on 
reducing carbon emissions from non-domestic buildings. Since N-DEEM was 
established, there have been incremental updates to this core evidence base, but in 
2014, DECC started preparing for an ambitious update to the existing evidence base 
that will provide the underpinnings to future policy development and statistical 
publications covering non-domestic buildings [45].  
 
DECC engaged in a programme of new research to update this evidence base. The 
work has two main components. A database focusing specifically on the non-domestic 
national energy efficiency data framework (ND-NEED) – The purpose of the ND-NEED 
is to match buildings data (from the non-domestic ratings (NDR) list) to electricity and 
gas meter data, that is collected by DECC for local area analysis. Address matching 
is used to merge the datasets. The datasets included business data (from Experian) 
and energy efficiency data such as the Display Energy Certificates (DEC) and the 
Energy Performance Certificates (EPC), which were then matched to the buildings and 
meter data. This initial work has shown that there is great potential for ND-NEED to 
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inform analysis of policy, help non-domestic buildings lower their energy consumption 
and provide better benchmarking, however there are a number of areas where the 
data can be improved, particularly data matching and coverage which, together with 
appropriate weighting could reduce bias to produce national level coverage [41].  
 
The second component of the research project was the sample surveys designed to 
elicit information about buildings and energy use, but also opportunities for abatement 
and the behavioural and organisational factors affecting efficiency improvements. 
DECC plan to complete telephone surveys of at least 10,000 premises out of a stock 
of around 1.8 million. The surveys will be supplemented by a small number of site 
audits, targeted in sectors where large discrepancies are found between bottom-up 
estimates and ND - NEED [45].   
 
In the Carbon Trusts report ‘Building the Future, Today’, a breakdown of emissions 
from end uses of energy in non-domestic buildings is shown in Figure 2.3. Nearly half 
of emissions came from heating; just under a quarter from lighting and the remainder 
split between cooling and everything else [2].  
100% = 106MtCO2  
Figure 2.3 Carbon emissions by end use in UK non-domestic buildings [2] 
 
To reduce carbon emissions, address energy security and rising energy prices large 
reductions in energy demand is required. There is an urgent challenge for the UK as 
although the building regulations relating to energy use in new and refurbished 
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buildings have recently been updated, minimum compliance with building regulations 
alone will not achieve the scale of carbon emission reductions now required. Of the 
buildings that will be standing in 2050, 60% are already built and 40% will pre-date 
1985 when Building Regulations relating to the conservation of fuel and power (Part 
L) were first introduced. It is therefore very important to tackle energy consumption in 
existing buildings. The majority of the current focus is mainly on measures to reduce 
the emissions from new buildings while the existing building stock remains largely 
untouched and many refurbishment projects miss opportunities to reduce emissions 
and deliver low carbon [3]. 
2.4 EU Legislation 
The Energy Performance of Buildings Directive (EPBD) is an EU Directive which 
covers new and existing buildings and governs the implementation of Energy 
Performance Certificates, Display Energy Certificates and energy efficiency 
requirements within UK Building Regulations. Originally approved in 2002, the EPBD 
was replaced by a ‘recast’ EPBD, which strengthened the energy requirements for 
new buildings. According to the EPBD recast [18], all Member States shall establish a 
system of certification of the energy performance of buildings, helping to achieve more 
harmonized evaluation and communication of the energy performance of the existing 
building stock [17]. As noted in previous sections of the literature review there is a 
great need for more reliable energy use data in non-domestic building stock. 
 
The Energy-Efficiency Directive (EED) sought to impose legally-binding energy-
efficiency targets of 20% by 2020 across Europe, providing a legal framework for the 
EU’s ‘2020 Vision’. However a compromised EED was accepted by the European 
Council in June 2012, under which member states can set their own targets. 
Furthermore, member states must present an energy efficiency action plan every three 
years [5].  
 
In the context of the 2020 energy strategy, there are for instance national energy 
efficiency action plans and national renewable energy action plans. The first strategy 
was used to track progress towards the currently non-binding energy saving target, 
and was to be used to evaluate in whether it was necessary to make targets binding; 
while the second was to be used to monitor progress towards the already binding 
renewable energy target. In this particular case, the EU could mandate to Member 
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States the development of national building refurbishment action plans. The EU 
already took a first step in this direction, since the EPBD requires Member States to 
submit a plan on how to overcome the difference between the current energy 
performance and the minimum requirements established by the directive [18]. 
 
While the EED is meant to help the EU reach its 20% energy saving target by 2020, 
Article 1 acknowledges that the EED should “pave the way for further energy efficiency 
improvements beyond that date”. Article 4 on building renovation is in line with this 
longer term perspective, as it provides guidance for future energy efficiency and 
savings policies in the building sector. Article 4 requires that member states draft 
national renovation strategies by the 30th of April 2014 with a perspective far beyond 
2020. Article 4 specifically says that: “Member States shall establish a long-term 
strategy for mobilising investment in the renovation of the national stock of residential 
and commercial buildings, both public and private. This strategy shall encompass: 
1. An overview of the national building stock based, as appropriate, on statistical 
sampling; 
2. Identification of cost-effective approaches to renovations relevant to the build-
ing type and climatic zone; 
3. Policies and measures to stimulate cost-effective deep renovations of buildings, 
including staged deep renovations; 
4. A forward-looking perspective to guide investment decisions of individuals, the 
construction industry and financial institutions; 
5. An evidence-based estimate of expected energy savings and wider benefits.” 
 
The strategy was to be updated every three years. The three-year reporting cycle pro-
vides a tool for review of progress and for refinement of intermediary milestones in-
cluded the roadmaps, as experience with their implementation is acquired [19]. 
2.4.1 Display energy certificates  
Display energy certificates (DEC’s) have been mandatory in the UK since 2008 for all 
public buildings over 1000m2, as a requirement of the EU Energy Performance of 
Buildings Directive. They present actual metered energy use and CO2 emissions for 
each building, together with a normalised rating to allow comparison against similar 
buildings. They also include building information such as total floor area, HVAC 
(Heating, Ventilation and Air Conditioning) and on-site renewable energy. 
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In order to quantify energy consumption in the UK non-domestic building stock a study 
was carried out utilising DEC’s. In Armitage et al [13], a database of 25,000 DEC’s 
from 2008/2009 in combination with other large-scale disaggregated data was 
examined to establish the current energy performance, historic trends, and potential 
future improvements of UK public non- domestic buildings. High level statistical 
analysis was undertaken, examining how different building systems and occupancy 
characteristics influence energy use, including factors beyond the scope of DEC’s. 
Much diversity was found in distinct building types and across different building 
characteristics, within each overall category. Where available, historic information was 
used with the DEC data to explore how energy use has changed over time. Finally, 
the recommendations in the DEC Advisory Reports were investigated, with a view to 
using them to simply estimate the emissions reduction potential from non-domestic 
refurbishment. 
  
2.5 UK Building Regulations  
All building work in the UK has to comply with the national building regulations which 
are part of the Building Act 1984, amended by the Building Regulations Act 1991. They 
stipulate the method of constructing a building and only affect the new work being 
undertaken that is additional to existing buildings. As building regulations apply to new 
build and extensions, there is little by way of requirements for improvement currently 
placed on existing buildings, 51% of buildings in the service sector are more than 65 
years old [12]. 
 
Section 1 of the Building Act 1984 gives the Secretary of State power to make building 
regulations, which have three aims and the third aim focused on furthering the con-
servation of fuel and power. National building regulations for insulation were intro-
duced in 1965. Since then, standards have been raised over the years and amended 
and the regulations for the conservation of fuel and power in buildings was expanded. 
Paragraph L1 of Schedule 1 (England and Wales) specifies that this provision shall be 
achieved by [6]:
 
 
 Limiting the heat loss through the fabric of the building;  
 Controlling the operation of the space heating and hot water systems;  
 Limiting the heat loss from hot water vessels and hot water service pipe-work;  
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 Limiting the heat loss from hot water pipes and hot air ducts used for space 
heating;  
 Installing in buildings artificial lighting systems which are designed and con-
structed to use no more fuel and power than is reasonably practicable in the 
circumstances and making reasonable provision for controlling such systems.  
The five general requirements listed above are supported by Approved Document L. 
This provides detailed guidance on how the building regulations, which apply to new 
buildings and some, converted buildings, can be met. For example, technical infor-
mation about the thermal performance of different building elements (windows, doors, 
roof lights etc.) is provided, allowing the calculation of the likely rate of heat loss 
through the fabric of any building [7].
  
 
To achieve the refurbishment measures required to address energy security and 
climate change issues, regulations need to expand to include requirements for 
improvements in existing buildings and not just focus on new builds and extensions. 
In the UK and Scottish Regulations there are increasing regulatory pressures to deliver 
low carbon buildings. Since 2008, Energy Performance Certificates (EPC’s) are 
required on the construction, sale or lease of larger non-domestic buildings. These 
certificates aim to provide additional incentives to exceed the minimum building 
regulations requirements for refurbished buildings. Yet according to the Carbon Trust 
the EPC’s and BER estimates do not pick up on all the energy used in a real building 
as they only focus on predicted CO2 from regulated energy use such as modelled 
heating, hot water, cooling, ventilation and lighting. As Figure 2.4 demonstrates this 
leaves unregulated energy use unaccounted for such as plug load, sever rooms, 
security, external lighting, lifts etc. as well as extra occupancy and equipment and 
extra operating hours. Therefore DEC’s are seen to be more representative of existing 
building stock as they take into consideration the actual rated energy use, which 
covers both regulated CO2 and unregulated CO2 as shown in Figure 2.4. A DEC is 
calculated after measuring 12 months of metered energy use and takes into account 
all energy uses in the building, allowing for only minor exclusions [50]. 
 
DEC data has the potential of stimulating refurbishment work in the non-domestic 
sector and as useful datasets from which to guide emissions reductions for different 
building types. DEC’s could offer a new system for monitoring non-domestic buildings 
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as a replacement for Energy Performance Certificates (EPC’s). Unfortunately, the new 
Energy Bill makes no mention of extending DEC’s to private sector buildings, despite 
further evidence that EPC’s in non-domestic buildings bear little resemblance to 
reality. In order to replace EPC’s, DEC’s should be expanded to include buildings 
between 500 and 1000m2 [13]. 
 
  
Figure 2.4 Design predictions for regulatory compliance do not account for all en-
ergy used in a building [50] 
 
Future regulations which could affect carbon emissions in non-domestic buildings 
include the Carbon Reduction Commitment, a carbon trading scheme for non-energy 
intensive businesses. Further revisions to the Building Regulations in 2010 involved 
the general improvement of the performance of building fabric and fittings and the 
efficiency of building services and lighting generally improved. In the 2013 changes to 
Part L of the Building Regulations: impacts assessment, proposed changes to the 
existing non-domestic building standard for building services elements [20]. The 
approved documents part L are composed of four parts, but it is the L2B that is of most 
importance for non-domestic buildings as they focus on the conservation of fuel and 
power in refurbished buildings other than dwellings.  
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To further expand the reach of carbon emissions reductions from non-domestic 
buildings, Brown et al [12] recommended that steps should be taken in the electricity 
supply industry to reduce the carbon intensity of electricity production by the adoption 
of renewable energy and combined heat and power (CHP) plants. This would require 
more research into the storing of energy from intermittent renewable sources and the 
provision of heat networks. Such energy system like this already exist and operate 
well in Germany and therefore is not technology know how that is the barrier to 
progress but the will and priorities of the UK Government. It has estimated that the UK 
could achieve a 59% reduction in its carbon emissions from a combination of domestic 
buildings, non-domestic buildings and industrial processing. Thus, the potential for 
'greening' the UK building stock is large, but the measures needed to achieve this 
present significant challenges to the UK government and industry [12]. To date the 
Building Regulations barely address existing stock. Even when buildings are being 
converted, the statutory mechanisms generally affect only the parts that are being 
altered. And yet, the need to adapt for climate change means that existing stock must 
be addressed [46]. Therefore amendments to Building Regulations to address energy 
efficiency improvements required by existing buildings is essential, if the real energy 
saving and carbon emissions reductions are to be achieved.    
2.6 Reducing energy demand in buildings 
As highlighted previously, the UK has some of the oldest building stock in Europe, 
most of which will still be in use by 2050, which makes reducing energy demand in 
buildings a real challenge. To meet government targets for carbon emission 
reductions, refurbishment needs to take place on a massive scale. The National 
Refurbishment Centre defines refurbishment as multiple energy efficiency measures 
for the fabric, heating and renewable technologies, applied sequentially or as part of 
a whole building solution. Retrofit is the installation of a specific measure, such as 
fixing photovoltaic panels to a factory roof or fixing external solid-wall insulation to the 
front of a terraced house. 
 
There are broadly two kinds of technical solution for energy reduction in commercial 
buildings: supply side and demand side. Supply opportunities, also called ‘alternative 
measures’ by MacKenzie et al (2010), include renewable energy technologies such as 
wind turbines, solar panels and biomass fired combined heat and power. Demand side 
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solutions, on the other hand, include equipment measures, building services and fabric 
measures such as better lighting, energy efficient boilers and better insulation [8].  
 
Despite the number of government initiatives in place to encourage energy efficiency, 
retrofits and refurbishment within the non-domestic building sector an effective delivery 
remains elusive. There is still a lack of hard data about the most effective energy-
efficiency methods in terms of CO2 and energy bill savings, ease of installation, cost 
and maintenance. If the country’s existing buildings cannot be made more energy-
efficient it is unlikely that the UK will reduce CO2 emissions by 80% by 2050 below the 
1990 baseline. To address this issue the National Refurbishment Centre carried out a 
survey, ‘Refurbishing the Nation’ to provide an overview of the current refurbishment 
landscape across the UK [5]. Despite this there are still gaps in what is known about 
which solutions work best and gaps in knowledge will make delivery of refurbishment 
on a mass-scale more difficult.  
 
The aim of low carbon refurbishments is to adapt existing buildings so they use signif-
icantly less energy and emit less carbon while future proofing a building so it can pro-
vide a comfortable and productive space. Evidence from research suggests that a low 
carbon building is not necessarily one which costs more to build, but it should certainly 
be more cost effective to operate. But evidence from case studies showed that when 
compared to relevant industry benchmarks, 75% of case study designs did not perform 
as well as expected [50] 
 
Significant evidence is now mounting of a ‘performance gap’ between what buildings 
‘designed to’ perform at in terms of energy use and carbon emissions and what they 
actually ‘operated to’ when that building is in use. Although by 2020, UK building 
regulations are likely to ensure that new buildings are generally designed to a standard 
of energy efficiency that approaches the optimal, it’s been found that buildings 
designed to perform as low carbon typically consume twice as much as they were 
designed to do [46]. This raises great concerns in terms of meeting carbon emission 
targets and also puts into question what data is being missed when designing or 
modelling a building in advance of refurbishment or retrofit measures. As highlighted 
earlier DEC’s are more representative of a buildings energy use than EPC’s therefore 
taking into consideration all elements that contribute to DEC’s may help to decrease 
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the performance gap. Although this will only be useful for existing buildings as DEC’s 
are based on actual metered energy.  
 
Existing old buildings in need of refurbishment are not the only issue facing the UK 
government in terms of reducing CO2 emissions in non-domestic builds, as new 
building are not proving to be as energy efficient as possible either. An evaluation was 
carried out by Armitage et al [13] into the relationship between energy performance 
and building age, revealed that newer buildings had significantly lower fossil-thermal 
consumption, which may reflect improved thermal fabric and systems. However, this 
was offset by higher electrical consumption, which may be attributable to increased 
use of electrical equipment and air conditioning. These factors may also explain some 
of the reductions in fossil-thermal consumption, which is primarily for heating in office 
buildings. The results suggest that, although fabric and energy efficiency requirements 
in the building regulations may be working well to improve the thermal performance of 
new building constructions, electricity consumption is the factor that defines the CO2 
emissions characteristics of the office stock. Currently, they do not cover many of the 
sources of electricity consumption (most significantly small power loads), which may 
be a major part of this. If buildings constructed with modern methods produce higher 
emissions than older ones, this calls into question the ability to meet reduction targets, 
which often assume that soon modern buildings will have very low emissions and the 
big problem will be the existing stock [13].  
2.7 Green new deal 
The green new deal was launched by the government in 2010 as part of the Energy 
Bill, as a key initiative to reduce carbon emissions from the UK’s existing building stock 
aiming to revolutionise the energy efficiency of UK properties. The green new deal is 
a financing mechanism that allows consumers to payback the cost of energy efficiency 
improvements through their energy bills. In the green new deal framework the private 
companies fund energy efficiency improvements for both domestic and non-domestic 
consumers and then recoup the money in instalments charged on the energy bill.  
 
The scheme differs from other loans because the repayment obligation remain with 
the property rather than the bill payer when they sell or move out. A person is only 
liable for the charges while they are the bill payer, and the next bill payer picks up the 
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repayment costs for their period of occupation. The key to unlocking this mechanism 
will be the green deal providers, which offer the financed work plans to customers [15].  
 
Organisations that offer access to low-cost finance recouped the return over periods 
of up to 25 years. Therefore suitable providers included energy companies, retailers, 
banks and large contractors. Green new deal plans offered to customers include 
improvements that have been recommended by accredited advisers and are 
implemented by accredited installers. The type of energy efficiency improvement that 
can be included as part of any green new deal plan and the proposed bill savings also 
need to be approved and accredited. This is achieved through the golden rule of the 
green new deal: the expected financial savings must be equal to or greater than the 
costs attached to the energy bill. Although this is a simple concept, its success 
depends on many factors such as evaluation period, price of energy, building type, 
baseline energy performance, repayment period, discount rate applied to costs and 
savings, consumer behaviour and so on. The golden rule has been said to be the 
green new deal breaker. Technologies and building improvements that don’t meet it 
are unlikely to be included on the accredited list. Which in turn has significant 
ramifications for the industry [15].   
 
2.7.1 Green new deal and non-domestic buildings  
To provide insight into the application of the golden rule criteria, Cyril Sweett and 
Elmhurst Energy [15] were commissioned by Kingspan to assess the payback 
implications of improving the energy performance in four existing non-domestic 
buildings. Four building types were selected: a school, office, industrial unit and retail 
warehouse. These building types provided a broad representation of non-domestic 
building stock. The case studies were actual buildings in need of a refurbishment and 
suitable for a range of fabric, services and low/renewable energy improvements. In 
keeping with the authors research the results of the office and industrial unit were of 
particular interest, as they closely resemble the ETC refurbishment project.  
 
The office in the Cyril Sweett and Elmhurst Energy study [15] was a 1981 un-insulated 
brick cavity walls with a poorly insulated flat roof, original double glazing and heating 
system and the industrial unit was a sixties, un-insulated asbestos sheet walls and 
roof with inefficient heating and lighting systems. Analysis was undertaken to assess 
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the existing energy efficiency of the selected buildings. Suitable retrofit improvements 
were then modelled. This was achieved via a combination of on-site surveys and 
modelling of energy performance using SBEM software (version 4). SBEM was 
selected as the energy modelling tool because it is the calculation method under the 
2010 Part L building regulations and expected to be the methodology used to 
implement the green new deal for commercial buildings. 
 
The study’s objective was to carry out improvements in line with the principles of the 
energy hierarchy rather than quantify and compare the savings from specific 
improvement measures. Three sequential refurbishment strategies were applied to 
each building in line with these principles and are summarised below in Table 2.2. 
 
Table 2.2 Principles of refurbishment strategy 
STEP 1: 
Fabric 
Improve building fabric with high-performance insulated panels and 
insulation, double glazing and doors to comply with Building 
Regulations Part L2B. Improve airtightness to 10m3/m2/hr 
STEP 2: 
Services 
Upgrading or replacement of any inefficient heating and lighting and 
improve controls to standards set out in Building Regulations Part L2B. 
Improve airtightness to 10m3/m2/hr  
STEP 3: 
Low/ 
Renewable 
Energy 
Application of PV and solar thermal renewable energy technologies to 
generate at least 10% of energy demand and benefit from the feed-in 
tariff (FIT) and Renewable Heat Incentive (RHI).  
  
The aim of the green new deal and the principle behind the golden rule was to generate 
a positive net present value (NPV), yet the results from the study showed that in most 
cases the NPV is negative. In relation to the fabric measures a net savings was only 
shown for the industrial building, due to its very poor fabric and high level of energy 
consumption. 
 
Even before finance costs are considered, energy savings from improving the office 
building fabrics only payback 25-60% of the capital costs over 25 years. Finance costs 
accentuate this difference and can increase costs by over 50%. The negative results 
should be viewed in context. Over-cladding a building facade, replacing roof coverings 
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and installing double-glazed windows are not solely done to save energy. Rental 
levels, vacancy periods, maintenance, aesthetics and occupant comfort are just some 
reasons why a building might be improved. Improving building fabric is typically 
undertaken to ensure the building is fit for purpose and future-proofed. Energy savings 
are a by-product of these actions and should be seen as a significant benefit, rather 
than the focus being purely on the payback period. 
 
Savings from improved services are insufficient to cover capital and finance costs for 
all properties. The study therefore highlighted some of the issues that need to be 
considered when shaping the future of the green new deal. If the government 
continues with the golden rule in its purest sense then only very poor performing 
buildings and lowest hanging fruit may be eligible. However, this approach will still 
impact on a significant number of inefficient buildings that are currently achieving F 
and G ratings on their Energy Performance or Display Energy Certificates [15].  
2.8 Modelling building energy performance 
In order to demonstrate compliance with building regulations the annual energy use 
for a proposed building needs to be calculated and compared with the energy use of 
a comparable ‘notional’ building. The National Calculation Method (NCM) for the 
EPBD (Energy Performance of Buildings Directive) was deﬁned by the Department for 
Communities and Local Government. Both NCM and ‘notional’ building calculations 
make use of standard sets of data for different activity areas and call on common 
databases of construction and service elements. A similar process is used to produce 
an ‘asset rating’ in accordance with the EPBD. The NCM allows the actual calculation 
to be carried out either by approved simulation software or by a new simpliﬁed building 
energy model (SBEM) tool based on a set of CEN standards.  
 
Research carried out by UK-GBC into the carbon reduction of new non-domestic 
buildings used dynamic modelling of the generic building types and compared that to 
the iSBEM calculation. The intention of the study was to analyse any inherent barriers 
that may exist within the iSBEM calculation that might hinder the user in achieving 
zero carbon. It also acted as a useful comparator to the results of the iSBEM 
calculations and predicted costs of achieving zero carbon in new non-domestic 
buildings [14]. 
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Dynamic modelling software estimates the energy demands of buildings by modelling 
how the building responds to the ambient conditions as they vary, responding to 
internal conditions such as changes in lighting levels throughout the day as they vary. 
Steady state modelling packages like iSBEM or CYMAP, estimate average space 
heating and cooling requirements of a building, using single parameters to describe 
climate and internal conditions on a monthly basis. This means that although both can 
estimate annual energy demands, and thus both can be used for the purposes of 
achieving compliance with building regulations, steady state models cannot, and 
should not, be used as design tools [14]. 
 
Therefore only dynamic models can be used for internal comfort calculations such as 
overheating estimates. Dynamic calculations are not required when calculating total 
annual energy demand; however, given precision in the initial assumptions made by 
the building, dynamic modelling is likely to present a more realistic description of 
building energy requirements. Validation of this assumption was one aim of the UK-
GBC research and therefore both the modelling techniques of existing SBEM models 
and The Bartlett/Herriot-Watt approach of dynamically modelling a limited number of 
generic forms were used. Both models were a representation of the building condition 
but the extent to which they provided a realistic estimation of the energy consumption 
of a building is based largely on the veracity of assumptions made when developing 
the model. The aim of the modeller is not per se to generate the precise energy 
consumption of the building but to estimate an indication of its magnitude. The results 
found in the UK-GBC study suggest that both modelling approaches could be used to 
understand the impact of interventions. The results demonstrated how signiﬁcant 
improvements on energy use can be made from the Part L compliant SBEM models 
[14].  
 
In a study carried out by Brown et al [12] a 'Building Energy Model' (BEM), was 
developed to identify potential future energy and carbon savings for non-domestic 
buildings. The model was employed to analyse the effect of improvements to the 
Building Regulations for three typical non-domestic building scenarios; an office, a 
factory and a warehouse. A summary of the results for a typical office building are 
presented in Table 2.3 below.  
 
39 
 
Table 2.3 Indicative UK Office Building Energy and Carbon Reduction Measures [12] 
 
Here a 4-story office building with a 19m x 20m plan was utilised. It had an open plan 
layout, and was naturally ventilated with 50% window openings and 20% roof lights. 
The gross internal floor area was 1520m2 approximately; representing the average 
office building size for new offices constructed between 2001 and 2003. It had a brick 
construction with mineral wool quilt insulation, together with single glazed windows 
having a metal frame.  
 
A series of design interventions, catalogued in Table 2.3, were analysed using the 
BEM algorithm. It became apparent that alterations to the glazing type had the largest 
effect on the energy consumption of the office. This yielded a 26% reduction, largely 
due to the building's 50% external glazing (some 546 m2). The introduction of CHP 
would generate enough electrical energy to meet the building's electrical demand. The 
rest of the design interventions offer carbon reductions between 1.27% and 4.5% [12]. 
In 2005 Part L2 of the UK Building Regulations were updates, the main effect of this 
was the introduction of revised elemental U values requirements for new buildings. 
Table 2.4 shows current, revised and desired U values for new building elements. 
These required better thermal insulation and a reduced rate of heat loss. Modelling 
these regulatory changes via the BEM algorithm permitted the implications for design, 
energy consumption and carbon emissions to be evaluated. These changes, even 
without the use of other technologies, produce a significant reduction in energy 
consumption and carbon emissions. 
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Table 2.4 UK building regulation fabric U values [12] 
 
Improvements in specific energy consumption (SEC) from the baseline for 2002, 2005 
and 2010 compliant U values amount to 9.2%, 13.1% and 16.9% respectively. The 
corresponding improvements in specific carbon dioxide emissions over the same 
periods were 6.7%, 9.6%, 12.4%. In the Brown et al [12] study, historic trends and 
future projections of energy use and carbon dioxide emissions from the UK building 
stock were analysed. The influence of factors such as non-domestic stock turnover, 
variations in space heating appliances, process technologies, and future changes in 
the UK Building Regulations, were assessed. 
 
Throughout the literature review it has become evident that currently the UK doesn’t 
have effective regulatory mechanisms, financial means or strong political will to make 
the existing building stock more energy sustainable. Despite the increasing need for 
change due to growth in global energy demand [48], depleting energy resources [17] 
and growing environmental problems such as climate change [30]. All signals point to 
an urgent need for big changes in how the UK and countries around the world use 
energy.  
 
Building regulations and incentives to date have fallen short of inspiring and enabling 
change when it comes to retrofitting and the refurbishment of existing non-domestic 
buildings [12][13][50]. Over the past several decades, energy efficiency policies have 
provided significant benefits in the form of economic savings, reduction of pollution, 
and easing of supply constraints, with each policy standing on its own as providing 
benefits to society. In the context of human-induced climate change, it is no longer 
sufficient that each policy provide a net benefit: instead, governments and other actors 
must consider a comprehensive roadmap of actions which, in their totality will deliver 
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sufficient reductions in carbon emissions to ensure that greenhouse gas 
concentrations do not exceed acceptable levels.  
 
As previously discussed with the literature review, DECC in 2014 embarked on 
ambitious research to update the existing evidence database on current energy use in 
non-domestic buildings in the UK, in order to represent the sector more accurately for 
future policy and statistical publications [45].  For too long the UK has relied on out 
dated data from which to establish carbon emission reduction policies. Various studies 
have utilised building models to understand the impact of low carbon refurbishment 
interventions. As such the author decided to utilise a building model to investigate the 
impacts of the chosen low carbon refurbishment for the refurbishment project at the 
ETC building.  
 
The objective of this research was to quantify the annual energy demand of the ETC 
building before and after each refurbishment step. As noted by UK-GBD [14] dynamic 
calculations are not required when calculating total annual energy demand. Research 
also found that both dynamic and steady state models could be used to understand 
the impacts of interventions. Taking this into consideration and the lack of internal data 
for the ETC, from which to base a dynamic model on, the CYMAP steady state mod-
elling package was selected to carry out the analysis. As the aim of this research was 
to quantify the impact of the refurbishment options by comparing changes in the an-
nual energy demand of the building following each implementation then a steady state 
model was deemed most appropriate. With regards to the type of steady state building 
simulation model, CYMAP, was selected as it was a well-recognized and accepted 
building energy analysis software tool and was readily available to the author. In CY-
MAP each program uses recognised calculation methodologies (i.e.CIBSE) to model 
the performance of the inputted building.   
 
The benefits of the ETC refurbishment as a case study was that it was not hypothetical 
and was not limited by options only qualifying for the golden rule of the green new deal 
finance. The thesis therefore contributes to the lack of data and knowledge on the 
impacts of individual low carbon refurbishment options on an existing non-domestic 
building in terms of energy, cost and CO2e savings. 
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Chapter 3: Methodology  
The research aimed to evaluate the impacts of each low carbon refurbishment option 
implemented at the ETC, a non-domestic building, in terms of carbon, energy and cost 
saving. The methodologies used to achieve these aims are outlined below.   
3.1 Data requirements and collection  
Firstly the annual energy demand of the building pre refurbishment needed to be 
established. Data on the existing building fabric was collated by amalgamating the 
reports carried out by commissioned consultants, Wallace Whittle, and internally, TUV 
NEL, in preparation for the refurbishment from which a baseline for the existing 
buildings energy demand could be estimated. Data collated included the construction 
data outlined in the Wallace Whittle report [22], the ETC construction and insulation 
summary in the TUV NEL report [23], with the CDA drawings and specification of 
existing building fabric [24] along with a structural conditions report carried out by 
Harley Haddow [25] combined with an onsite survey of exposed fabric areas and 
knowledge of the staff who had seen various parts of the building fabric during previous 
renovations (see Appendix A). All the data gathered was then combined and the 
existing building fabric was established. Due to some conflicting data on the actual 
content of the building fabric between internal and commissioned reports the final 
estimated building fabric was then validated against the typical building fabric in the 
CIBSE Guide A [26] to establish the most likely building fabric contents based on the 
buildings age and type. The newly refurbished building fabric was then collated using 
the CDA specifications and drawings [24] to establish the buildings energy demand 
after the refurbishment.  
3.2 Building fabric U value calculation  
A U value is the measure of heat loss in a building element such as the wall, floor or 
roof. It refers to the ‘overall heat transfer co-efficient’ and measures how well parts of 
a building transfer heat. The higher the U value the worse the thermal performance of 
the building envelope. Therefore establishing the composition of each building fabric 
element at the ETC pre and post refurbishment was essential in order to predict the 
energy behaviour of the entire building.    
To calculate the U value of a building element such as a wall, floor or roof, the build-
up of material within that element needed to be established. Each building material in 
the element needed to be positioned properly in sequence and the thickness of each 
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building material was also required. The conductivity of each building material was 
also required, which is the measure of its inherent ability to facilitate the passage of 
heat. Otherwise known as its ‘k value’ and the ‘k value’ for each building material at 
the ETC was taken from Table 3.1 in CIBSE Guide A, which provides values of thermal 
conductivity for a range of densities at ‘standard’ values of moisture content, chapter 
3 [26]. 
 
The properties of the internal and external faces of the constructional elements also 
needed to be established referred to as the external resistances and they are fixed 
values. The U value was then defined as being reciprocal of all the resistances of the 
material found in the building element. The resistance of a building material is derived 
by the following formula: 
R’ = (1/k) x d  
Figure 3.1 Building material resistance equation [47] 
Where: 
k is the conductivity of the building material and  
d is the material thickness 
 
The formula for the calculation of a U value is: 
U (element) = 1/ (Rso + Rsi + R1 + R2...) 
Where Rso is the fixed external resistance  
Where Rsi is the fixed internal resistance  
And R1, R2 etc... is the sum of all the resistances of the building materials in the 
constructional element. 
Figure 3.2 U value (W/m2K) calculation formula [47] 
 
To quantify the U values in the ETC building envelop each building element 
composition was established pre and post refurbishment and was then calculated 
using the U value formula above, Figure 3.2, using the BRE U value calculator for 
validation of the results. To U value results were also compared against the U values 
calculated in previous reports [22] [23] and against the thermal properties of similar 
typical building fabric in the CIBSE Guide A [26]. Then the data for each building 
element was used to create a representative building model of the ETC by building 
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fabric slabs in CYMAP equivalent in composition to each building element pre and 
post refurbishment.  
 
Once each building element was constructed as a building slab the U value was 
calculated automatically in the CYMAP programme. The U value results of each slab 
were then validated against the previous the BRE U value calculations and the typical 
U value of similar building fabric in the CIBSE Guide A [26] to ensure that the model 
was as close a representation of the ETC’s building as possible, in relation to its heat 
loss patterns pre and post refurbishment (see Appendix B). The aim of the 
refurbishment was to reduce the U values of each building fabric element to a minimum 
as this is directly proportional to the rate of energy transfer through a material (i.e. wall, 
ceiling, floor, windows and doors) and the resultant amount of heat that must be 
generated in order to maintain a comfortable working temperature is therefore reduced 
too. Therefore implementing low carbon refurbishments at the ETC reduces the 
buildings energy demand and in turn enhances its energy sustainability.  
3.3 ETC CYMAP building model 
To build the CYMAP building model the building layout information was inputted by 
importing a dxf file supplied by CDA [24], as shown in Figure 3.3. 
 
Figure 3.3 CYMAP Model dxf file image of ETC building 1 and 1a  
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The next step was to input data on the floors, the roof height, ceiling void and 
temperature in degrees and locations. The floor, roof height and ceiling data were 
gathered from the CDA drawings and specifications [24] as well as the data collected 
on the site visit. Once the building model was set-up, the location and temperature 
data was selected from the orientation and weather data available within the CYMAP 
model from a range of external data sites such as the Met Office weather data. 
 
The next step was to create profiles for each space or room in the building which 
included the office, reception, boardroom, toilets, kitchen, corridor, entry and test labs. 
For each space the recommended heating design temperature and ventilation space 
from the CIBSE guide A were selected [26]. So the heating demand of the ETC 
building was set at the most appropriate comfort level recommended by regulations, 
but in reality this was not the case in the pre refurbishment building as the room 
temperatures regularly fell under the recommended CIBSE heating design 
temperature due to un insulated walls, floors and roofs and the ventilation rate was 
much higher than recommended also due to old doors and windows, leading to very 
unpleasant working condition for office staff.  It was decided that due to the constant 
fluctuation of the building occupancy and energy use due to testing equipment, 
measured temperature data would not be reliable enough to base the study on. Also 
the ventilation rates could not be established as the budget did not extend to hiring the 
equipment required to test the ventilation rates in situ. The model was built with set 
conditions in regards to recommended room temperature and ventilation rates in order 
to calculate the energy demand required to meet these desired conditions pre and 
post refurbishment. This allowed for the direct impact of each refurbishment step to be 
quantified based on similar base conditions. So the only change that would affect the 
results was the newly refurbished building fabric.  
 
When the room profiles were complete the author began to build fabric slabs for each 
building fabric or element using the CYMAP slab tool. The U value performance 
calculation of each building element was carried out once the author selected the most 
appropriate composite factors from the building materials available. Each room or 
space profile was then built with the appropriate building fabric slabs which included 
the external wall, partition wall, roof, floor, windows, doors and roof lights.  
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Once all the profiles were built using the fabric slabs that represented the pre 
refurbishment ETC building the building energy demand was then calculated by the 
CYMAP model. The results of the annual energy demand pre refurbishment from the 
CYMAP model were then validated against the estimated annual energy demand 
results stated in the professional reports from Wallace Whittle [22] and TUV NEL [23]. 
Once validated the model was then used to evaluate the impact of each refurbishment 
step one by one.  
 
Firstly all the refurbished building fabric slabs replaced each pre refurbished fabric slab 
and the annual energy demand of the whole building post refurbishment was 
calculated. Again the results were validated against the results from previous 
professional reports [22][23]. Then each refurbishment step was removed one by one 
and replaced with the pre refurbished building fabric slabs and the whole building 
energy demand was calculated again at each step to evaluate the impact. 
  
The impact of the wall low carbon refurbishment step, on the buildings annual energy 
demand was calculated by starting with the post- refurbishment results. Then replacing 
all the post refurbished wall elements with the pre refurbished wall elements and 
recalculating the buildings annual energy demand. The annual energy demand post 
refurbishment was then subtracted from the annual energy demand results with the 
pre refurbished wall elements and the impact of the wall refurbishment step as a whole 
in terms of energy demand savings was established, as demonstrated in Figure 3.4.  
 
 
 
 
 
 
 
 
 
Figure 3.4 Equation to evaluate the impact of each low carbon refurbishment  
This process was then repeated by replacing each low carbon refurbishment step with 
the pre refurbished fabric slabs and the annual energy demand was recalculated at 
 
Annual energy 
demand of ETC 
building post 
refurbishment 
with pre 
refurbishment 
walls  
 
The resulting 
decrease in the 
ETC’s energy 
demand due to the 
low carbon 
refurbishment of all 
wall fabric elements  
 
Annual energy 
demand of the 
ETC building post 
refurbishment  
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each step. As well as the new walls, the process calculated the impacts of the new 
roof, new floor, new windows, new doors and new roof lights on the ETC’s building 
energy demand. Finally once all refurbishment steps had been replaced with pre 
refurbished fabric slabs the annual energy demand of the pre refurbishment building 
could be taken again and checked against the same calculation at the beginning of 
the experiment, to double check the accuracy of the procedure.       
3.4 Impact analysis on energy, environment and economy 
Little information was known about the actual impact of refurbishment measures in 
non- domestic buildings. So the research focused on quantifying the impact of each 
low carbon refurbishment step on the ETC non- domestic building in terms of energy 
savings, environmental and economic costs. The analysis of each low carbon refur-
bishment step was made possible once the CYMAP model calculated the impact of 
each low carbon refurbishment step on the energy demand of the building. The differ-
ence in demand between each step represented the energy saved from that particular 
refurbishment option and from that the cost of the energy saved was calculated and 
the CO2e emissions savings resulting from the energy saved was also calculated.  
 
The energy demand of the building was presented in GJ in CYMAP, so the results 
were converted into kWh using the following conversion rate 1GJ = 277.8 kWh. The 
energy costs were calculated from the rate given in ETC’s electricity bill, all heating in 
the building before and after the refurbishment was electric and the cost of energy per 
unit was 10.08p. The CO2e was calculated using the energy conversion factor given 
by DEFRA/DECC’s GHG conversion factors for company reporting published in June 
2013, where each kWh contains 0.44548 kg CO2e. 
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Figure 3.5 CYMAP building model methodology flow chart  
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3.5 Payback period   
The cost of the refurbishment work was established from the Red Skye Consulting 
Work Schedule [27] and used alongside the CO2e and energy saving results from each 
low carbon refurbishment step to estimate the payback periods for each step (see 
Appendix C, Table C2).  
 
In order to calculate the payback period of each refurbishment step the total cost of 
the refurbishment option was divided by the total energy cost saving per annum. From 
this the payback period could be calculated for each refurbishment step and the pay-
back period for the project as a whole.  
 
 
 
 
Figure 3.6 Payback period formula  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       Project Payback Period     =       Total refurbishment cost/ 
                                                   Total energy saving costs per annum 
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Chapter 4: CASE STUDY: ETC Building Refurbishment    
4.1 ETC building pre refurbishment  
The ETC essentially comprises of two buildings. The original building (building 1 and 
1a) constructed in the 1950’s and the new building (building 2 and 2a) constructed in 
1991 with a pitched roof and a suspended, ceramic-tiled ceiling throughout the whole 
area and timber frame walls. As most of the refurbishment took place in the original 
1950’s building (building 1 and 1a) it was selected as the focus of the research. 
Building 1 and 1a had a solid concrete roof and brick cavity outside walls with a 
suspended, ceramic-tiled ceiling occupying approximately 35% of the total ceiling 
area, with the remaining ceiling consisting of the exposed solid concrete roof. Under 
building 1 were ground floor bearing slabs and under building 1a was a reinforced 
concrete suspended slab over the basement in building 1a. The roof was made up of 
a bitumen waterproof membrane with cork insulation, screed and a concrete slab. The 
windows were double glazed in building 1a and single glazed throughout building 1.   
 
 
 
Figure 4.1 ETC building 1 & 1a plans [24] 
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Figure 4.2 Photograph of building 1 and 1a pre refurbishment [22] 
 
Building 1        Building 1a 
North West Elevation (main entrance)  
     EXISTING STONE CLADDING  
     TO BE REMOVED FROM 
     8no MASONARY PIERS 
 
Figure 4.3 Building 1 and 1a pre refurbishment [24] 
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4.2 ETC refurbishment context and objectives  
The refurbishment of the ETC was part of REGAIN an Interreg initiative aimed at 
stimulating innovation and knowledge transfer within the low carbon energy and 
building sectors. The REGAIN project aimed to develop a network of four unique low 
carbon non-domestic buildings across Europe, constructed or refurbished using 
innovative low carbon energy saving techniques and building technologies.  
 
The REGAIN project at the ETC focused on measuring and assessing the low carbon 
options available and implementing the chosen refurbishment steps with grant funding. 
According to Penoyre and Prasad [46] few refurbished or retrofitted building projects 
have had energy savings as the main aim. The majority of projects were led by other 
aims, such as improving the usability, the appearance and the enjoyment for users as 
well as improving its performance, functionality and the spatial quality of the building. 
Their research also found that had most retrofit projects focused on return on 
investment from energy savings alone, few clients would have undertaken the 
projects. This was of particular importance to note when investigating the impact of 
the ETC refurbishment project.  
 
To determine the most appropriate energy reduction opportunities for ETC by 
implementing low carbon refurbishments a feasibility study was carried out by Wallace 
Whittle [22]. A dynamic thermal simulation building energy modelling was created and 
estimated that the heating energy demand of the ETC was 424, 386kWh per annum. 
These results were estimates for the two buildings at the ETC, building 1 and 1a and 
building 2 and 2a. Based on these results Wallace Whittle outlined the target U values 
for the refurbishment to be 0.3 W/m2K for external walls, 0.25 W/m2K for the roof and 
0.25 W/m2K for the floors.  
 
To achieve these aims the refurbishment objectives were to insulate the roof, floors 
and walls to reduce the amount of energy required to heat the building. It was predicted 
by Wallace Whittles dynamic simulation model that achieving the insulation aims 
would reduce the energy demand by 34% per annum for heating resulting in 34% of 
CO2 savings per annum also.   
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Figure 4.4 Estimated heating energy demand reduction by refurbishment options [22] 
 
The Wallace Whittle report also recommended installing a biomass boiler to replace 
the electric heating system, solar thermal hot water, PIR lighting controls and daylight 
linking lighting controls. The report was produced in 2009 and when the refurbishment 
began in 2013 the project plans were updated to include the refurbishment of the 
windows, doors and roof lights. While plans for installing a biomass boiler were agreed 
upon it had not been implemented at the time of the author’s research and the PIR 
lighting and daylight linking lighting controls were replaced by an LED lighting system 
instead.  
 
Wallace Whittle [22] calculated the ETC buildings energy performance using the Na-
tional Calculation Methodology (NCM) and the Dynamic Simulation Model (DSM). The 
pre refurbishment buildings EPC rating was estimated at G, though it was just for 
benchmarking purposes as it was not formally certified. The EPC rating also estimated 
that the carbon dioxide emissions in terms of kg per m2 of floor area were, 152 CO2 
kg/m2 and the energy use per m2 of floor area was 379 kWh/m2. These results were 
estimates for the two buildings at the ETC together, building 1 and 1a and building 2 
and 2a.  
ETC energy demand for heating = 424,386kWh/yr   
ETC energy demand after insulation of roof, ceiling and floor = 145,138kWh/yr 
 145,138kWh/yr / 424,386kWh/yr  *100 = 34%  
 
424, 386kWh * 0.422 kgCO2/ kWh = 179,090 kgCO2/ kWh per annum  
 
145,138kWh/yr * 0.422kgCO2/kWh = 61,248 kgCO2/kWh per annum  
 
61,248 CO2 per annum/ 179,090 CO2 per annum *100 = 34% 
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Figure 4.5 Pre refurbishment EPC building rating [22] 
 
The author compared the Wallace Whittle pre refurbishment U values against those 
estimated by TUV NEL [23] and against the typical U values for similar 1950’s building 
fabric data in CIBSE Guide A. When compared the U values assigned by Wallace 
Whittle appeared to have been too high for the floors and ceilings, both estimated at 
3.4 W/m2K and these U values were also used for both building 1 and 1a the 1950’s 
building with a concrete roof and building 2 and 2a the 1990’s building with a pitched 
roof with 30mm of fibreglass insulation sandwiched between two corrugated steel 
sheets. The results from the Wallace Whittle model, based on these U values in turn 
produced a high overall energy demand in comparisons to the TUV NEL study.  
 
The internal report by TUV NEL [23] focused mainly on the energy demand of building 
2 and 2a and referred to building 1 and 1a as the Rankine building. TUV NEL noted a 
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lack of data available for their research stating that without original building designs, 
exact values for material and cavity wall thickness, ceilings and floors could not be 
established exactly. The knowledge of TUV NEL staff, who either had working 
knowledge of the building or had been employed by the company at the time of the 
building’s construction, was utilised to obtain sensible estimates [23]. In a heat loss 
model by TUV NEL of building 1 and 1a, the following U values were used to represent 
the pre refurbishment building fabric 
 U value of the walls were estimated at 2.1 and 1.22 W/m2K  
 U value of the floors were estimated at 0.7 and 2 W/m2K 
 U value of the ceiling were estimated at 1.8 and 2 W/m2K  
 U value of the windows were estimated at 3.5 and 6.7 W/m2K 
 
For the current research the author was able to gather information on the material 
make-up of each building fabric from the CDA drawings and specifications as they 
prepared to implement the low carbon refurbishment steps. From these specifications 
and onsite surveys of exposed material during the construction phase the author was 
able to establish the most representative pre refurbishment U values. The U value of 
each building fabric pre refurbishment was calculated using the BRE U value 
calculator version 2.03 with the BS EN ISO 6946, BS EN ISO 13370 calculation 
method and then calculated again in the slab building fabric tool in CYMAP and 
validated against typical U values of similar fabric in the CIBSE Guide A. The final U 
value results for each building fabric in building 1 and 1a pre refurbishment are shown 
in Table 4.1 and these U values were inputted into the CYMAP building model to 
establish the buildings energy demand for heating pre refurbishment for building 1 and 
1a. 
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Table 4.1 Pre refurbishment building fabric and overall U values 
 Construction Layer 
(Outside – Inside ) 
Thickness 
(mm) 
Overall U Value 
(W/m2K) 
 
 
External Wall  
1   Render 
1 Brick outer leaf 
2 Cavity  
3 Brick inner leaf 
4 Plasterboard 
20mm 
102mm 
50mm 
102mm 
12.5mm  
 
 
1.34 W/m2K 
 
 
 
Flat Roof 
1    Bitumen membrane 
1 Cork Insulation 
2 Vapour Control  
3 Screed 
4 Concrete Deck  
4mm 
30mm 
        
100mm 
150mm 
 
 
1.2 W/m2K 
 
 
Floor Building 1  1    Reinforced 
Concrete   Slab  
300mm  
2.4 W/m2K 
 
Floor Building 1a 
1    Reinforced 
Concrete Slab 
2    Basement air space  
150mm  
2.78 W/m2K 
Doors Part L2A generic 
external door  
  
2.2 W/m2K 
Windows 
Building 1 
Single Glazed    
5.7 W/m2K 
Windows 
Building 1a 
Double Glazed    
2.8 W/m2K 
Roof lights  Single Glazed    
5.7 W/m2K 
 
4.3 ETC pre refurbishment building models  
Both Wallace Whittle and TUV NEL constructed dynamic simulation models to 
estimate the pre refurbishment energy demand of ETC’s building. The set conditions 
for both models varied due to different baseline data being used in the construction of 
the model in terms of U values, ventilation rates and minimum room temperature 
requirements. TUV NEL assumed a minimum temperature of 18°C was required in 
both buildings at the ETC to achieve a more acceptable comfort temperature in terms 
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of meeting the needs of every individual working in the building. While Wallace Whittle 
set the room temperatures are varying temperatures depending on the type of room, 
for example an office was set at 21°C, while a workshop was set at 16°C and the WC 
at 18°C.In the TUV NEL model, the total amount of energy required to heat building 1 
and 1a was found to be three times more than that required to heat building 2 and 2a. 
Mostly due to the larger volume of air required to be heated in building 1 and 1a, with 
other factors including the 9 single glazed glass domes in the central section of the 
building and the larger quantity of windows present through the whole construction. 
While in the Wallace Whittle model building 1 and 1a was treated as the same as 
building 2 and 2a and both buildings were given the same U values in the dynamic 
simulation model even though one was a building constructed in the 1950’s and the 
other in 1991.  
 
The temperature data also varied as TUV NEL split the year into four three-monthly 
periods and took average temperatures over each period, as well as noting the 
periodic temperature variation over a year in East Kilbride. On the other hand Wallace 
Whittle based their temperature data on hourly recorded weather data, such weather 
data containing records of radiation, temperature, humidity, sunshine duration and 
additionally wind speed and direction. A CIBSE Test Reference Year (TRY) for 
Glasgow was used consisting of hourly data over typical weather years and was used 
for analysing energy use and overall environmental performance. The TRY file was 
based on averages over a 15 to 20 year period and contained data sets taken from 
different years.  
 
Both the TUV NEL and Wallace Whittle building models were dynamic simulation 
models which meant that they also took into account the lighting and equipment gains 
in the building too. As the ETC building was known to have fluctuating building usage 
depending on the equipment testing contracts operating at any one time, it was very 
difficult to estimate what the light or equipment gains could be. For this reason the 
author choose to use a CYMAP steady state model, as it eliminated the need for this 
unreliable data and would focus mainly the energy demand results on the performance 
of the building fabric pre and post refurbishment, which was the main aim of the 
research. 
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U values determine the ability for heat transfer and therefore play the most important 
role in determining energy demand for heating in a building. As noted previously in 
section 4.2 the U values inputted by Wallace Whittle appeared too high, as the ceiling 
and the floors for both buildings were set at 3.4 W/m2K. This had a big impact on the 
amount of energy required to heat the building. While the TUV NEL U values for the 
floor were rather conservative at 0.7 W/m2K and 2 W/m2K and the ceiling at 1.8 W/m2K 
and 2 W/m2K leading to much lower demands for heating energy. In comparison the 
author determined the U values for the floor to be between 2.4 W/m2K and 2.78 W/m2K 
and the roof was 1.2 W/m2K. The windows on the other hand were not considered in 
the Wallace Whittle model and in TUV NEL were high U values in comparison to the 
authors. In the TUV NEL model the double glazed windows were 3.5 W/m2K and 6.7 
W/m2K while the author found the recommended U values from the CIBSE Guide A to 
be 2.8 W/m2K and 5.7 W/m2K. 
 
The total energy demand of the pre refurbishment building was calculated in CYMAP 
under set conditions such as CIBSE recommended comfort temperatures and 
ventilation rates and corresponding weather data available for the ETC building 
location. Once the conditions were set the pre refurbishment building slabs were 
inputted with U values outlined in Table 4.1 and the total building energy demand pre 
refurbishment was calculated in the CYMAP model.  
 
Bearing in mind the differences in the data inputted into each model in terms of U 
values and room temperature minimums it appeared that the Wallace Whittle model 
would overestimate the energy demand for heating, while TUV NEL with its lower U 
values and rooms temperatures would underestimate the energy demand. Therefore 
it was expected by the author that the CYMAP building model results would fall 
somewhere in between the two. This was in fact the case when the results from each 
building model were compared in Table 4.2. Wallace Whittles energy model estimated 
that the energy demand for heating in building 1 and 1a was 278,186 kWh while TUV 
NEL estimated 59,280 kWh and as expected the authors CYMAP model results fell in 
between the both at 144,333 kWh per annum. The CYMAP model was therefore able 
to be validated against the range of parameters outlined in both the Wallace Whittle 
and TUV NEL models. (Appendix A).  
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Table 4.2 Comparison of ETC building 1 and 1a model results  
Building model 
ETC building 1 and 1a 
Energy demand for 
heating  kWh/ per annum 
Energy for heating cost 
£/ per annum 
Wallace Whittle 278,186 kWh £34,773.25 (12.5p a unit) 
TUV NEL    59,280 kWh £4,740 (12.5p a unit) 
CYMAP  144,333 kWh £14,548 (10p a unit) 
 
The performance of each building model was also compared in terms of energy use 
kWh per m2. To do so the results of the energy demand for heating (kWh/ per annum) 
were divided by the total floor area, 734m2, of the ETC building 1 and 1a. The results 
of which are shown in Table 4.3. 
 
Table 4.3 Comparison of building model results for energy use for heating per m2  
Building Model (kWh/ per annum)/ floor m2 
ETC building 1 and 1a 
Energy use for heating  
per m2 
Wallace Whittle 278,186 kWh 379 kWh/m2 
TUV NEL  59,280 kWh   81 kWh/m2 
CYMAP 144,333 kWh 196 kWh/m2 
 
4.4 Refurbishment fabric improvements   
The aim of the research was to examine the impact that a major energy efficiency 
refurbishment program could have on a non - domestic building in terms of energy 
demand, cost and CO2e emissions savings. Based on the previous studies carried out 
by TUV NEL, Wallace Whittle the ETC presented itself as a suitable case study for 
investigation. Due to its budget from REGAIN and the Scottish Enterprise the ETC 
was able to make improvements that other non- domestic buildings with financial 
constraints could not implement. The Wallace Whittle report presented an overview of 
the energy reduction opportunities considered appropriate for the refurbishment. The 
fabric improvements were decided upon by ETC with support from Wallace Whittle 
and CDA and the implementation of the refurbishment was managed by Red Skye 
Consulting. 
 
The energy efficiency retrofit measures aimed to reduce the buildings energy demand 
significantly and the author aimed to estimate any and all reductions using the CYMAP 
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building model. The building material for each fabric at the ETC and their U values pre 
and post refurbishment were established. Table 4.4 to 4.9 compares the building 
material make- up of each building fabric pre and post refurbishment as well as their 
corresponding U values and the reduction in ΔU value achieved for each building 
fabric due to the refurbishment.  
 
Table 4.4 External wall building fabric and U value pre and post refurbishment  
 
The improvement options implemented to reduce the buildings operational energy and 
resource consumption included upgrading the external walls heat loss coefficient by 
Construction 
Fabric  
Pre 
Refurbishment 
Building  
Post refurbishment  
Building  
Reduction in U 
Value (W/m2K)  
ΔU 
 
 
 
 
External Wall  
20mm     Render 
102mm   Brick 
outer leaf 
50mm     Cavity  
102mm   Brick 
inner leaf 
12.5mm  
Plasterboard 
 
U = 1.34 W/m2K 
New Cladding Wall   
Render  
Mineral Wool Insulation 
20mm     Render 
102mm   Brick outer leaf 
50mm     Cavity  
102mm   Brick inner leaf 
12.5mm  Plasterboard 
 
U = 0.25 W/m2K 
      
 
  
 
 
 
 
 
 
ΔU = 1.09 W/m2K 
 
 
 
 
External Wall  
 
 
 
 
20mm     Render 
102mm   Brick 
outer leaf 
50mm     Cavity  
102mm   Brick 
inner leaf 
12.5mm  
Plasterboard 
 
 
U = 1.34 W/m2K 
Timber Infill Panel  
25mm Softwood (Larix 
Decidua) 
90mm Timber battens x 2 
0.2mm Breather Membrane  
15mm OSB Sheathing  
100mm Mineral Wool 
Insulation + Vapour Control  
15mm MDF Moisture 
Resistant 
U = 0.25 W/m2K 
 
 
 
 
 
 
 
 
 
 
ΔU = 1.09 W/m2K 
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cladding with mineral wool insulation and render around building 1a and some of 
building 1 as well as timber cladding on parts of building 1.  
 
Table 4.5 External roof building fabric and U value pre and post refurbishment  
 
The entire roof of building 1 and 1a were upgraded with insulation and the floor in 
building 1a was sprayed with foam insulation from below, which is also the roof of the 
basement. The windows and roof lights were replaced with new windows with 
improved energy performance and lower U values. The doors were also replaced with 
high performance insulated steel doors and insulated roller shutter doors.   
 
 
 
 
 
 
 
Construction 
Fabric  
Pre Refurbishment 
Building  
Post refurbishment  
Building  
Reduction in U 
Value (W/m2K)  
ΔU 
 
 
 
Flat Roof 
4mm Bitumen 
membrane 
30mm   Cork 
Insulation 
Vapour Control  
100mm Screed 
150mm Concrete 
Deck  
 
 
U = 1.2 W/m2K 
1.1mm EPDM  
90mm Insulation 
Polyisocyanurate 
Vapour Control Layer  
4mm Bitumen Felt  
30mm Cork Insulation 
100mm Concrete 
Screed  
150mm Concrete Slab  
 
U = 0.2 W/m2K 
 
 
 
 
 
 
 
 
 
 
ΔU =   1 W/m2K 
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Table 4.6 Windows building fabric and U value pre and post refurbishment  
 
Table 4.7 Floor building fabric and U value pre and post refurbishment  
 
 
 
 
 
 
 
 
Construction 
Fabric  
Pre Refurbishment 
Building  
Post refurbishment  
Building  
Reduction in U 
Value (W/m2K)  
ΔU 
Windows 
Building 1 
Single Glazed  
 
U =  5.7 W/m2K 
Velfac Double Glazed 
Windows  
U = 1.4  W/m2K 
 
 
ΔU = 4.3 W/m2K 
Windows 
Building 1a 
Double Glazed  
 
U = 2.8 W/m2K 
Velfac  Double Glazed 
Windows 
U = 1.4  W/m2K 
   
 
ΔU =1.4 W/m2K 
Construction 
Fabric  
Pre Refurbishment 
Building  
Post refurbishment  
Building  
Reduction in U 
Value (W/m2K)  
ΔU 
 
Floor 
Building 1  
300mm Reinforced 
Concrete Slab  
 
U = 2.4 W/m2K 
300mm Reinforced 
Concrete Slab  
 
U = 2.4 W/m2K   
     
 
 
ΔU = 0 W/m2K 
 
 
Floor 
Building 1a 
150mm Reinforced 
Concrete Slab 
999mm Basement 
air space  
 
U= 2.78 W/m2K 
150mm Reinforced 
Concrete Beam 
110mm Polyurethane 
Rigid Foam 
 
U= 0.2 W/m2K           
 
 
 
 
 
ΔU = 2.58W/m2K 
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Table 4.8 Doors building fabric and U value pre and post refurbishment  
 
Table 4.9 Roof light building fabric and U value pre and post refurbishment 
 
In summary the U values for each building fabric is shown below in Table 4.10 for the 
U values of each building fabric pre and post refurbishment and the level of ΔU value 
reduction for each was quantified also.  
 
 
 
 
 
 
 
 
 
 
 
 
Construction 
Fabric  
Pre Refurbishment 
Building  
Post refurbishment  
Building  
Reduction in U 
Value (W/m2K)  
ΔU 
 
 
Doors 
Part L2A generic 
external door  
 
U = 2.2 W/m2K 
Insulated steel door 
sets  
U = 1.5 W/m2K 
 
Roller shutter doors 
U = 0.81 W/m2K 
 
 
ΔU = 0.7 W/m2K 
 
 
ΔU=1.39  W/m2K 
Construction 
Fabric  
Existing Building  Refurbished Building  Reduction in U 
Value (W/m2K)  
ΔU 
 
Roof Lights  
Single Glazed  
 
U =  5.7 W/m2K 
Velfac  Double Glazed 
Windows 
U = 1.4  W/m2K 
 
 
ΔU = 4.3 W/m2K 
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Table 4.10 U value comparisons for pre and post refurbished building fabric 
Construction 
Fabric 
Pre 
Refurbishment 
Fabric 
(W/m2K) 
Post 
Refurbishment  
fabric 
(W/m2K) 
Reduction in U Value 
(W/m2K)  
ΔU 
External Walls U = 1.34 U = 0.25 ΔU = 1.09 
Flat roof U = 1.2 U = 0.2 ΔU = 1.0 
Floors U= 2.78 U= 0.2 ΔU = 2.58 
Windows U =  5.7 
U = 2.8 
U = 1.4 
 
ΔU = 4.3 
ΔU = 1.4 
Doors  U = 2.2 U = 1.5 
U = 0.81 
ΔU = 0.7 
ΔU = 1.39 
Roof lights  U =  5.7 U = 2.8 ΔU = 2.9 
 
There is an ever pressing need to reduce the energy demand and CO2 emissions from 
buildings to meet climate change targets and energy efficiency targets yet there is still 
little data existing on the actual impact of various low carbon refurbishment options. 
This situation is making it very difficult for industry and the non-domestic building 
owners to take affirmative action. Couple that with a lack of legislative requirements 
and financial levers and the rate of refurbishment in non-domestic buildings is much 
slower than is required by carbon saving legislation. The ETC case study therefore 
presented an opportunity to quantify the impacts of low carbon refurbishment options 
in terms of energy, cost and CO2 savings. Although previous studies by Wallace 
Whittle and TUV NEL had been carried out their reports were dated and did not fully 
represent the low carbon refurbishment steps finally decided upon by ETC for 
implementation. There were also concern of the reliability of the data used in the 
estimation of the ETC buildings energy demand in both the Wallace Whittle and TUV 
NEL reports. So when the CDA drawings and specifications [24] and the final work 
schedule costs [24] became available it was possible for the author to investigate the 
refurbishment steps in more details and in terms of payback period to provide up to 
date results on the energy, cost and CO2e savings possibilities from the low carbon 
refurbishment options actually implemented at the ETC.  
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Chapter 5: Results  
 
Once the building fabric pre refurbishment was established the data was collated along 
with the building design from the CDA drawings and specifications and used to build 
a model in CYMAP. Each building fabric slab was created to the closest specified 
materials available and U values and the rooms were then defined using the appropri-
ate building fabric slabs to create a model of the energy demand of each room and 
then the ETC building as a whole. Each room was grouped into profiles which were 
assigned heating design temperatures and ventilation rates recommended by the 
CIBSE Guide A [26] see Table 5.1 below. 
 
Table 5.1 Building model room profiles 
 
 
 
 
 
 
 
 
 
 
 
 
5.1 Energy demand reduction: step change results  
To calculate the impact that each fabric improvement had on the building the pre 
refurbished building was modelled first to confirm the baseline performance. The 
energy demand, energy cost and CO2e emissions were calculated and the resulting 
baseline is shown Table 5.2.  
 
Table 5.2 Pre refurbishment total energy demand, costs and CO2e emissions  
Profiles Heating Design Temperature 
(°C) 
Ventilation Rate 
       (l/s m²-s) 
Offices 
Reception 
Boardroom 
Toilets 
Kitchen 
Corridor 
Entry 
Test Labs 
21°C 
21°C 
23°C 
21°C 
18°C 
21°C 
19°C 
18°C 
1  l/s m²-s 
1  l/s m²-s 
1  l/s m²-s 
1.5  l/s m²-s 
1  l/s m²-s 
1.5  l/s m²-s 
1.5  l/s m²-s 
1.5  l/s m²-s 
ETC Annual Energy Demand 144,333 kWh 
ETC Annual Bill Costs £14,548 
ETC Annual Carbon Emissions CO2e 64,297 tonnes CO2e emissions  
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Once the baseline was established all low carbon refurbishment steps were inputted 
and the building performance following the whole refurbishment was calculated. The 
energy demand of the building was presented in GJ, so the results were converted 
into kWh with the conversion rate 1GJ = 277.8 kWh. The energy costs were calculated 
from the rate given in ETC’s electricity bill, as all heating in the building before the 
refurbishment was electric the cost of energy per unit was 10.08p, which is cheaper 
than the rate used in the TUV NEL and Wallace Whittle studies which was 12.5p per 
unit of energy. The CO2e was calculated using the energy conversion factor given by 
DEFRA/DECC’s GHG conversion factors for company reporting published in June 
2013, where each kWh contains 0.44548 kg CO2e. The results in Table 5.3 show the 
energy, costs and CO2e saved due to the refurbishment as a whole. Figures 5.1 to 5.3 
demonstrate the energy demand, costs and CO2e results pre and post refurbishment 
respectively.  
 
Table 5.3 Total post refurbishment energy, costs and CO2e savings  
Post refurbishment total savings Per annum  
Total Energy Saved  37,213 kWh  
Total Energy Costs Saved  £3751 
Total CO2e Emissions Saved  16,578 tonnes CO2e 
 
 
Figure 5.1 Energy kWh per annum 
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Figure 5.2 Energy Cost £ per annum 
 
 
Figure 5.3 CO2e tonnes per annum  
 
5.1.1 Roof refurbishment results 
The roof was upgraded by adding an external layer of insulation outlined in Table 4.5, 
which reduced the U value of the roof building fabric by ΔU 1 W/m2K. In order to 
calculate the impact the roof in the model was changed from post to pre refurbishment 
building fabric and the annual energy demand of the whole building was recalculated. 
Table 5.4 below outlines the impact the low carbon roof refurbishment had on the 
overall energy, cost and CO2e savings. 
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Table 5.4 Roof refurbishment savings in energy, costs and CO2e   
Roof refurbishment savings  Per annum  
Total Energy Saved  15,402kWh  
Total Energy Costs Saved  £1552 
Total CO2e Emissions Saved  6,862 tonnes CO2e 
 
 
Figure 5.4 Comparison of energy demand, costs and CO2e emissions pre and post 
roof refurbishment  
 
5.1.2 Floor refurbishment results 
The floor under the office in building 1a was insulated by spray foam from underneath, 
which is the roof of the basement floor. The floor under the test labs remained 
unchanged. As seen in Table 4.10 the insulated floor changed the U value from 2.78 
W/m2K to 0.2 W/m2K resulting in a large U value reduction of ΔU 2.58 W/m2K. To 
calculate the impact of the insulted floor, the next step change involved replacing the 
new floor with the old in the model and then the annual energy demand of the whole 
building was recalculated. 
 
Table 5.5 Floor refurbishment savings in energy, cost and CO2e  
Floor refurbishment savings  Per annum  
Total Energy Saved  14,311kWh  
Total Energy Costs Saved  £1442 
Total CO2e Emissions Saved  6,375 tonnes CO2e 
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Figure 5.5 Comparison of energy demand, costs and CO2e emissions pre and post 
floor refurbishment  
 
5.1.3 Wall refurbishment results 
The walls were upgraded with two types of external cladding, the offices and marine 
power lab received mineral wool external cladding and rendering and the test labs 
were clad with timber. In Table 4.4 the external cladding changed the U value from 
1.34 W/m2K to 0.25 W/m2K resulting in a U value reduction in building fabric of ΔU 
1.09 W/m2K. To calculate the impact of the newly clad external walls, the next step 
change involved replacing the post refurbishment walls with the pre refurbishment 
walls in the model and then the annual energy demand of the whole building was 
recalculated. See Table 5.6 for results  
 
Table 5.6 Wall refurbishment savings in energy, costs and CO2e 
Wall refurbishment savings Per annum  
Total Energy Saved  5058 kWh  
Total Energy Costs Saved  £509.88 
Total CO2e Emissions Saved  2,253 tonnes CO2e 
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Figure 5.6 Comparison of energy demand, costs and CO2e emissions pre and post 
wall refurbishment  
5.1.4 Roof lights refurbishment results 
The roof lights were upgraded from glass with a U value of 5.7 W/m2K to 2.8 W/m2K 
resulting in a U value reduction of ΔU 2.9 W/m2K. To calculate the impact of the new 
roof lights, the model was updated by removing post refurbishment roof lights and 
replacing them with pre refurbishment roof lights and then the annual energy demand 
of the whole building was recalculated. See Table 5.7 for results  
 
Table 5.7 Roof light refurbishment savings in energy, costs and CO2e 
Roof lights refurbishment savings Per annum  
Total Energy Saved  555 kWh  
Total Energy Costs Saved  £56.00 
Total CO2e Emissions Saved  247.4 tonnes CO2e 
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Figure 5.7 Comparison of energy demand, costs and CO2e emissions pre and post 
roof lights refurbishment  
 
5.1.5 Doors refurbishment results 
The doors were upgraded from a Part L2A generic external door with a U value of 2.2 
W/m2K to insulated steel door sets with U value of 1.5 W/m2K and insulated roller 
shutter doors with U values of 0.81 W/m2K. To calculate the impact of the new doors, 
a step change to remove the post refurbished doors and replacing with pre refurbished 
doors were carried out and then the annual energy demand of the whole building was 
recalculated. See Table 5.8 below for results 
  
Table 5.8 Doors refurbishment savings in energy, costs and CO2e 
Doors refurbishment savings  Per annum  
Total Energy Saved  955 kWh 
Total Energy Costs Saved  £96 
Total CO2e Emissions Saved  426tonnes CO2e 
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Figure 5.8 Comparison of energy demand, costs and CO2e emissions pre and post 
door refurbishment  
 
5.1.6 Window refurbishment results 
The windows in building 1a were upgraded from standard double glazed windows with 
a U value of 2.8 W/m2K to 1.4 W/m2K resulting in a U value reduction of ΔU 1.4 W/m2K. 
The windows in building 1 were upgraded from single glazed 5.7 W/m2K to 1.4 W/m2K 
reducing the U value by ΔU 4.3 W/m2K but the area of the windows in comparison to 
the other building fabrics are very small. To calculate the impact of the new windows, 
the model was updated by removing the post refurbishment windows and replacing 
them with pre refurbishment windows and then the annual energy demand of the 
whole building was recalculated. See Table 5.9 below for results  
 
Table 5.9 Window refurbishment savings in energy, costs and CO2e 
Window refurbishment savings Per annum  
Total Energy Saved  930 kWh  
Total Energy Costs Saved  £93.8 
Total CO2e Emissions Saved  414.5 tonnes CO2e 
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Figure 5.9 Comparison of energy demand, costs and CO2e emissions pre and post 
window refurbishment  
 
5.2 Impact of each refurbishment step on energy, cost and  CO2e savings    
As the results demonstrated, each refurbishment step had an impact on the amount 
of energy used to heat the building which in turn lowered energy costs and the amount 
of CO2e emissions produced. Figure 5.1 compares the difference each refurbishment 
made in terms of energy savings. Figure 5.2 compares the differences each 
refurbishment step made in terms of energy cost savings and Figure 5.3 compares the 
differences in terms on CO2e savings of each refurbishment step.  
 
 
Figure 5.10 Comparison of energy savings per refurbishment option 
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Figure 5.11 Comparison of energy cost savings per refurbishment option 
 
 
 
Figure 5.12 Comparison of CO2e savings per refurbishment option 
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Figure 5.13 Comparison of fabric refurbishment costs (£) 
 
The cost of each refurbishment option was calculated from the work schedules budget 
and compared in Figure 5.4. As the project was financed over 15 years the research 
examined the impact the refurbishment would have over that time period on the 
energy, costs and CO2e emissions and results are shown in Figure 5.14. Over 15 
years the energy cost savings would be approximately £56,000. The total 
refurbishment cost was estimated at approximately £228,000, resulting in 24.5% of 
the investment being paid back by the end of the 15 year financed period.  
 
 
Figure 5.14 Total refurbishment payback after 15 years 
Total refurbishment cost payback 
after 15 years
£172,00 outstanding
£56,000 paid
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Figure 5.15 Total energy, cost and CO2e savings after 15 years refurbishment  
5.3 Payback period 
To calculate the payback period of each low carbon refurbishment step the cost of 
each piece of work was established from the work schedule provided by Skye 
Consulting (see Appendix C, Table C2). The payback period of each refurbishment 
was calculated by dividing the cost of each piece of work by the annual energy saving 
cost per refurbishment. Results of the payback period for each refurbishment are 
shown in Table 5.10 and compared in Figure 5.16. 
 
Table 5.10 Payback periods of refurbishment steps 
        Fabric Refurbishment 
Costs  (£) 
Energy Costs 
Savings 
(£ per annum) 
   Payback Period  
         (Years) 
Roof £77,297 £1,552 50  years  
Floor £8,539 £1,442 6  years  
Walls £64,022 £509 126 years 
Doors £28,861 £96 300 years  
Roof lights £10,124 £56 180 years  
Windows  £39,049 £93 416 years  
TOTALS £227,895 £3,687 61 years  
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Figure 5.16 Payback period for each refurbishment option 
 
Finally the heating energy demand, energy costs, CO2e and C results pre and post 
refurbishment from the CYMAP model were compared and presented in Table 5.11 
and Figure 5.17 
 
Table 5.11 Results pre and post refurbishment on the energy, cost, CO2e and C sav-
ings  
ETC building 
pre refurbishment  
per annum 
ETC building 
post refurbishment 
per annum 
 
144,333 kWh 107,119 kWh 
 
£14,584  £10,797 
 
64,297 tonnes CO2e 
 
47,719 tonnes CO2e 
 
18,330 C 
 
13,604 C 
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Figure 5.17 Comparison of total energy demand, costs, CO2e and C emissions pre 
and post refurbishment  
5.3 Benchmarking  
To find out how the building performs against other similar buildings for energy con-
sumption for heating, the building was benchmarked using the Energy Consumption 
Guide 19 [28]. In the guide there are 4 types of buildings to choose from in order to 
make the comparison. The building that resembled the ETC the most was Office Type 
2, the naturally ventilated open-plan. The main characteristics being that it is largely 
open-plan but with some cellular offices and special areas and the typical size ranges 
from 500m2 to 4000m2. The total area of the ETC building 1 and 1a was approximately 
734m2. To investigate the buildings performance pre and post refurbishment the total 
energy, costs and CO2e emissions per annum were divided by the total floor area to 
establish the ETC building performance per m2 against the Energy Use Index (EUI), 
the Energy Cost Index (ECI) and the Carbon Dioxide Emissions Index (CEI). The 
ECON guide 19 presented results in carbon (C) instead of CO2e, so the following con-
version factor was used to calculate the C emissions from ETC (C per unit kWh = 
0.127). The ETC CYMAP energy per m2 for heating pre and post refurbishment was 
also benchmarked against the baseline results of energy use for heating per m2 from 
the Wallace Whittle [22] and TUV NEL [23] models. Comparing all model baseline 
results against the ECON 19 benchmark [29] enabled the author to determine how 
representative each models results may be were held against an established bench-
marking system. 
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Figure 5.18 Energy Use Index (EUI) for good practice and typical examples of four 
office types 
 
The EUI from Energy Consumption Guide 19 is divided into the key uses of energy 
within a building. As the ETC model focuses on heating energy specifically the building 
model results are compared against the heating and hot water key. Therefore Table 
5.12 compares approximate heating EUI kWh/m2 against the ETC CYMAP results for 
ETC’s EUI kWh/m2 pre and post refurbishment as well as Wallace Whittles energy 
model pre refurbishment EUI kWh/m2 and TUV NEL energy model pre refurbishment 
EUI kWh/m2. Allowing for the comparison of building energy performance pre 
refurbishment as predicted by each study, highlight which model is closest in 
resembling the EUI of the Energy Consumption Guide 19. Results showed that the 
authors CYMAP model results most resembled the benchmarked results of a typical 
office with a difference of only 37 EUI kWh/m2, whereas Wallace Whittle results came 
in at more than double the EUI kWh/m2 and TUV NEL results were about half the EUI 
kWh/m2. 
Table 5.12 EUI results before and after refurbishment 
 EUI kWh/m2 
Typical Office  2  160 
ETC CYMAP before  197  
ETC WW model before 379 
ETC TUV NEL model before 81 
Good Practice Office 2 90 
ETC After  146 
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Figure 5.19 Energy Cost Indices (ECIs) for good practice and typical examples of four 
office types 
 
Again the ETC model focused specifically on heating energy while the Energy 
Consumption Guide 19 covers heating and hot water so the comparison is an 
approximation of the cost of heating specifically from Figure 5.19 and shown in Table 
5.13 for the ECI. 
Table 5.13 ECI results before and after refurbishment 
 ECI  £/m2 
Typical Office  2  2 
ETC Before  19.80 
Good Practice Office 2 1.50 
ETC After  14.7 
 
 
Figure 5.20 Carbon Dioxide Emissions Index (CEI) 
 
The ETC model focused heating energy specifically while the Energy Consumption 
Guide 19 covers heating and hot water so the comparison is an approximation for 
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heating only from Figure 5.20 shown in Table 5.14 for the CEI results. Also the guide 
presents results in carbon (C) instead of CO2e, so the following conversion factor was 
used to calculate the C emissions from ETC (C per unit kWh = 0.127)   
 
Table 5.14 CEI results before and after refurbishment 
 CEI    kgC/m2 
Typical Office  2  8 
ETC Before  25 
Good Practice Office 2 4 
ETC After  18.5 
 
5.4 Further reduction of building energy demand  
Following the refurbishment of the building fabric the ETC buildings energy demand 
was further reduced by changing to more efficient lighting. All fluorescent tube lighting 
were replaced with LED lighting. A lighting survey was conducted with a baseline 
demand for 9 hours per day, 5 days per week, 50 weeks per year with 75% lights in 
use for the two buildings (1, 1a and 2, 2a). As this research focused on Building 1 & 
1a the results for lighting before and after are presented in Table 5.15 for Building 1 & 
1a only. Building 1 & 1a consume 51.6% of the total lighting surveyed. 
 
Table 5.15 Lighting pre and post refurbishment on energy, cost and CO2e savings 
Lighting Before Lighting After Savings 
23220 kWh/ yr 5,857 kWh/ yr 17,363 kWh/ yr (75%) 
10,343 tonnes CO2e/ yr 2,609 CO2e/ yr 7,734 CO2e/ yr (75%) 
£2,340 Cost/ yr £590 Cost/ yr £1,750 Cost/ yr (75%) 
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Figure 5.21 Comparison of energy, cost and CO2e use pre and post lighting refur-
bishment  
 
The total refurbishment cost of upgrading the lighting to energy efficient LED lighting 
for both buildings was about £8,154 and to establish the costs for the Building 1 & 1a, 
51.6% was calculated from the overall bill as that was equal to the lighting demand in 
Building 1 & 1a. From this the payback period of the LED lighting could be established, 
see Table 5.16 below. 
 
Table 5.16 Payback period for LED Lighting  
Lighting Refurbishment 
Costs  (£) 
Energy Costs 
Savings 
(£ per annum) 
   Payback Period  
         (Years) 
LED Lighting £8154 £1,750 4.6 years  
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Chapter 6: Discussion 
 
The research discovered that reliable and consistent actual energy data was not just 
an issue for the ETC but the wider non- domestic building sector. Having actual energy 
use of the ETC building pre and post refurbishment would have made for a more ro-
bust model from which to base the estimated buildings energy demand. As stated 
before the ETC buildings usage of energy was difficult to quantify due to lab spaces 
being used infrequently and large machinery powering technology testing. As such for 
accuracy within the building model the CIBSE design temperatures were inputted into 
the model to set conditions for the buildings heat energy demands. Yet the actual 
building conditions before the refurbishment in winter rarely reached the comfort tem-
peratures recommended by CIBSE. Therefore if the model was based on actual en-
ergy usage, the refurbishment may have demonstrated more savings than the model 
suggests as well as having added benefits such as improving comfort levels for the 
occupants.  
 
On a wider scale the lack of energy data for the non-domestic building stock as a 
whole presents issues for the implementation of carbon reduction policies, which 
require detailed data on the current state of non-domestic buildings in terms of energy 
performance and the potential for improvements. Despite many years of research into 
the domestic sector, there is a lack of comprehensive data on the non-domestic 
sectors. The majority of data available on non-domestic buildings does not focus on 
energy use, performance or carbon emissions. The literature review found that efforts 
are being made by DETR to develop a national non-domestic building stock database 
to model energy use [39] [43]. Since this work began a national nondomestic buildings 
energy and emissions model has been used to model energy policy impacts [40]. The 
model still requires more reliable data and though it’s a step in the right direction a lot 
more research will be required to accurately monitor the UK’s non domestic building 
stock.  
 
DEC’s have been found to be most representative of energy performance in non-
domestic building stock. As demonstrated in Figure 2.4 DEC’s include a lot more of 
the actual energy used in a building than EPC’s do as they include unregulated energy 
as well such as plug load etc. Also EPC’s have been found underestimate the energy 
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use of a building quite significantly at times. A few case studies presented a 16% 
different in the modelled and actual energy use following a refurbishment [50].  Regular 
DEC’s, including buildings between 500 and 1000m2, would be a progressive move to 
ensure that similar analysis would be able carried out on a larger proportion of existing 
UK non-domestic building stock. This would go a long way in tackling the lack of data 
that is making large scale refurbishment for the non- domestic sector very difficult for 
building owners, industry and Government.  
 
If the country’s existing buildings cannot be made more energy-efficient it is unlikely 
that the UK will reduce CO2 emissions by 80% by 2050. Despite the ‘Refurbishing the 
Nation’ NRC survey there are still gaps in what is known about which solutions work 
best and these gaps in knowledge make the delivery of refurbishment on a mass-scale 
more complicated. The research therefore aimed to provide a detailed case study of 
a non-domestic building to quantify the improvements in terms of reduced energy de-
mand, cost and CO2e emissions. The research quantified the impacts of each low 
carbon refurbishment option as well as the financial payback period, providing data on 
the potential improvements that a 1950’s non-domestic building could achieve. 
 
The results found that the energy demand of the building for heating was reduced by 
approximately 25%, as was the CO2e emissions and energy cost. Although the ETC 
case study only presents results of one non-domestic building refurbishment, the UK 
consists of over 2 million, accounting for 19% of national CO2 emissions. In the context 
of emissions reduction targets over the next 35 years, energy use in this sector must 
be addressed. Slow stock turnover also means it is likely that over 70% of non-
domestic buildings in 2050 already exist, so improvements to the existing stock is very 
important. Hypothetically, if the sector was able to reduce its CO2 emissions by 25%, 
like the ETC achieved it would reduce its overall CO2 emissions to 14.2%, reducing 
the UK overall emissions by 4.8%.The ETC had quite extensive work carried out to 
achieve this reduction, but this reduction only focuses on reducing the heating energy 
demand of the building. This is only the first step in the refurbishment hierarchy, which 
works to improve the building fabric performance. This refurbishment alone, if carried 
out in all existing non- domestic buildings would not be enough to meet the 2050 
targets of reducing CO2 by 80%, below the 1990 baseline. To meet these targets the 
ETC and the wider non-domestic building sector need to further reduce CO2 emissions 
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by another 10.4%. By 2050 the non-domestic building sector needs to reduce 
emissions from 19% to 3.8% if it is to successfully contribute towards the Climate 
Change Act targets. To further reduce emission at the ETC by another 10.4% step two 
and three of the refurbishment hierarchy would need to be implemented also. Step two 
would entail upgrading or replacing any inefficient services such as heating or lighting. 
The lighting at ETC was successfully upgraded to LED lights which reduced its energy 
demand for lighting by 75%, but without the DEC’s total energy demand results it’s 
difficult to determine what this means for the ETC building energy demand as a whole.  
Finally the ETC would need to implement step 3, switching from carbon intense energy 
sources such as fossil fuels to low carbon renewable energy options such as solar PV 
or wind. The costs of such measures would require significant financial investment. 
Unlike most refurbishment projects the ETC was funded by Interreg, as it was an 
innovative example of what is possible in terms of refurbishment for non- domestic 
buildings. On a wider scale though, for the remaining 2 million non-domestic buildings 
in the UK, the financial investment required to reduce the sectors carbon emissions 
15.2% is a major concern. Currently in the UK the financial and political will required 
to make such cuts in the non-domestic sector carbon emissions is yet too materialised.  
 
The research therefore goes someway in contributing towards the lack of knowledge 
of the current state of energy performance in non-domestic buildings and providing 
quantified data on the potential improvements resulting from low carbon refurbishment 
options for building fabric in terms of energy, cost and CO2 savings. The research also 
highlights the need for greater financial investment, if significant cuts in the CO2 
emissions from the non-domestic building sector are to be achieved.  
 
The research established the building fabric of the existing ETC 1950’s building and 
from that the U value of each fabric were established. The research found that the 
ETC building fabric was uninsulated with high U values. That resulted in a building that 
was very difficult to heat with high energy demand and uncomfortable working 
conditions for the building occupants. Therefore it was important to tackle energy 
consumption to improve the working conditions for staff as well as reducing the 
buildings energy demand for heating. As discussed above the refurbishment reduced 
the ETC’s energy demand for heating by 25%. The low carbon refurbishment step that 
saved the most energy per annum was the roof, closely followed by the floor, then the 
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walls, doors, windows and roof lights as seen in Figure 5.1. The success of each 
refurbishment step was a reflection of the area of the fabric as well as the amount its 
U value was reduced. As seen in Table 2.4 the UK Building Regulation targets  for 
building fabric U values were 0.2 W/m2K for walls, 0.1 W/m2K for roofs, 0.2 W/m2K for 
floors and 1.4 W/m2K for windows. Following the refurbishment the new U values of 
the ETC building for the floor, windows and walls met the building regulations targets 
but the roof fell short at a U value of 0.2 W/m2K as opposed to the recommended 
target U value of 0.1 W/m2K. Meeting these U values through refurbishment 
demonstrated that the REGAIN project had a real impact on the sustainability of the 
ETC building, as some building fabrics such as the roof lights U value were reduced 
by up to 2.9 W/m2K and replacing the single glazed windows reduced U values by 4.3 
W/m2K shown in Table 4.9. If the roof had of reached the recommended reductions 
target it would have doubled its energy demand, cost and CO2 savings.  
 
This goes to show that the U values of the ETC building pre refurbishment were well 
above the UK Building Regulations recommendations for non-domestic buildings U 
values in 2010. It is therefore worth considering what this means on a wider scale for 
similar non-domestic buildings constructed pre 1985, throughout the UK which is said 
to make up to 40% of the existing non-domestic building stock. So of the 2 million non-
domestic buildings in the UK about 800,000 of those buildings were built before 1985 
when Building Regulations relating to the conservation of fuel and power (Part L) were 
first introduced. It is likely that most of these builds also fall short of the recommended 
U values targets and therefore have a much larger energy demand and CO2 emissions 
than is necessary. Making it obligatory for existing buildings to meet these U value 
targets would have big impacts in terms of the energy performance of existing non- 
domestic buildings, but this would need to be meet with some sort of financial 
investment that extends further than the green deal.  
 
According to ETC CYMAP model constructed for this research, the energy demand 
for heating pre refurbishment of the ETC building was 144,333 kWh per annum and 
electricity was the form of energy used for heating at 10p per unit concluding that the 
energy cost was approximately £14,548 per annum with about 64,297 tonnes of CO2e 
emissions released into the atmosphere per annum. 
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A number of limitations were taken into consideration when deciding how best to 
calculate the ETC buildings annual energy demand for heating. As previous reports 
had highlighted that the ETC building was a testing facility for new technologies, 
therefore it had infrequent energy demand and building occupation. The energy usage 
data from electricity bills varied greatly throughout the year in response to the testing 
equipment and as the heating was also powered by electricity it was not possible to 
extract data from which to calculate the buildings annual energy demand for heating 
from. The testing equipment was also run sporadically and by occupants who 
contracted out the room and did not report usage to the ETC building manager, 
therefore the data could not be adapted either to calculate the heating demand minus 
the small power and testing equipment usage.  
 
The lack of reliable baseline energy data, also lead TUV NEL [23] and Wallace Whittle 
[22] to create building models from which to estimate the ETC’s annual energy 
demand. Based on the model results the impact of proposed low carbon refurbishment 
option were calculated in terms of energy demand, cost and CO2e emissions 
reductions.   
 
Both Wallace Whittle and TUV NEL constructed dynamic simulation models to 
estimate the ETC’s building energy demand pre refurbishment. The set conditions for 
both models varied due to different baseline data used in the construction of the model 
in terms of U values, ventilation rates and minimum room temperature requirements.  
As noted previously in section 4.2 the U values inputted by Wallace Whittle appeared 
to be too high, as the ceiling and the floors for both buildings were set at 3.4 W/m2K. 
This had a big impact on the amount of energy required to heat the building. While the 
TUV NEL U values for the floor were rather conservative at 0.7 and 2 W/m2K and the 
ceiling at 1.8 and 2 W/m2K leading to a much lower energy demand for heating. When 
comparing U values against those used by the author, the floor was between 2.4 and 
2.78 W/m2K and the ceiling or roof was 1.2 W/m2K. The windows on the other hand 
were not considered in the Wallace Whittle model and in TUV NEL were high U values 
in comparison to the authors. In the TUV NEL model the double glazed windows were 
3.5 and 6.7 W/m2K while the author found the recommended U values from the CIBSE 
Guide A to be 2.8 and 5.7W/m2K. 
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According to the set conditions that each model was built, it appeared that the Wallace 
Whittle model would overestimate energy demand due it the very high U values, while 
TUV NEL with its lower U values and temperature targets would underestimated the 
energy demand. Therefore the authors building model results were expected to fall 
somewhere in between the two, based on a more detailed determination of the 
buildings actual fabric provided by CDA drawings and validated by the BRE U value 
calculator and the CIBSE guide A. Once results were compared this was in fact the 
case, TUV NEL estimated the energy demand for heating in building 1 and 1a at 
59,280 kWh, the authors CYMAP model estimated 144,333 kWh while Wallace 
Whittles estimate was 278,186kWh.  
 
To find out which building model results were most representative of the ETC, the 
results were expressed in terms of kWh per m2. The area of Building 1 and 1a was 
734m2 from which the buildings energy demand per m2 was calculated. The results 
concluded that the energy demand per m2 was 197 kWh/m2 from the authors CYMAP 
model, the TUV NEL model was found to be 81 kWh/m2 and Wallace Whittle estimated 
it to be 379 kWh/m2.  
 
Expressing the results in kWh/m2 for each building model enabled the author to 
compare the results of each model against the Energy Use Index (EUI) benchmark for 
good practice from the energy consumption guide 19 [29]. The EUI for a typical office 
type 2 was 160 kWh/ m2 and for good practice it was 90 kWh/m2. At 197 kWh/m2 the 
authors CYMAP model results was the closest, whereas Wallace Whittle results were 
more than double at 379 kWh/m2 and TUV NEL fell below at 81 kWh/m2. As these are 
the results of the ETC pre refurbishment it can be assumed based on the lack of 
insulation and the high U values that the ETC did not perform better than the Good 
Practice office 2. Therefore it can be assumed that the TUV NEL model under 
estimated the energy demand of the ETC and under the same assumption it can be 
suggested that Wallace Whittle overestimated the energy demand of the ETC. That 
leaves the authors CYMAP model results as the most representative estimate of the 
energy demand at the ETC as it was the closest in comparison to the ECON guide 19.  
Again the lack of data when calculating the energy demand in non-domestic buildings 
is apparent. Quantifying the energy demand of non-domestic buildings has proved 
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difficult for the researches. The situation needs to improve as increasing regulatory 
pressures to deliver low carbon buildings take hold.  
 
The financing for the ETC refurbishment project was over 15 years, so an analysis of 
the refurbished building energy demand performance was carried out based on the 15 
year period. The results showed that 558,194 kWh of energy for heating was saved, 
while 248,673 CO2e and £56,267 of energy costs were saved, which meant that only 
24.6% of the investment was paid back by the end of the 15 year period. At that rate 
of payback it will take the ETC about 60 years to recover the cost of the total 
refurbishment project. The financing available for the ETC refurbishment project 
makes it a unique case. Unlike the other retrofit projects studied by Penroyre & Prasad 
[46] the main aim of the REGAIN refurbishment project at the ETC was to reduce the 
energy demand and CO2e emissions and to calculate any cost savings and the 
payback period from each low carbon refurbishment step. Therefore the ETC as a 
case study provided important insight into the achievability of large reductions in 
energy demand and carbon emissions. But unlike most other non-domestic 
refurbishment projects the ETC had access to financial support therefore it was best 
placed to provide answers to some of the questions surrounding low carbon 
refurbishment needs in non-domestic buildings in the UK that other buildings limited 
by costs or by the green deal were unable to explore.  
 
The green deal was created to provide a mechanism by which to support 
refurbishment goals. The green deals golden rule is to generate a positive net present 
value (NPV), in order to be approved for the green deal the expected financial savings 
must be equal to or greater than the costs attached to the energy bill and recouped 
over periods of up to 25 years. The payback period of the ETC building refurbishment 
was approximately 60 years which meant that it would not have been eligible for the 
green deal finance support as it broke the ‘golden rule’. The ETC refurbishment 
upgraded the building fabric of the roof, floor, walls, doors, windows and roof lights. 
Yet the payback period for each low carbon refurbishment option was between 50 to 
416 years, apart from the floor refurbishment option which had a payback period of 
nearly 6 years. The payback period of the roof was 50 years but that could have been 
better if the refurbishment had met the recommended U value of 0.1 W/m2K set by the 
buildings regulation, but instead it reached a U value of 0.2 W/m2K. This meant that 
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the only refurbishment option eligible for the green deal was the insulation of the floor 
in Building 1a. If this was the only option that went ahead the CO2e emissions savings 
would have been only 6,375 tonnes CO2e per annum and the remaining CO2e savings 
of 10,203 CO2e would not have occurred. Over 25 years of the green deal ‘golden rule’ 
a further 159,375 CO2e savings would have been made due to the floor refurbishment, 
but 255,075 tonnes of CO2e savings from all the other refurbishment options which 
failed to pass the green deals ‘golden rule’ would have been lost. 
 
The research highlights the impact that the green deal would have had on this 
particular case study, had it prioritises payback over reducing CO2 emissions and 
energy saving. Although the golden rule of the green deal seems quite straight forward 
the actual calculation of expected financial savings in reality has been found to be 
much more complicated. Its success depends on many factors such as the price of 
energy, building type and energy performance baseline as well as the payback period, 
discount rate applied to costs and savings and consumer behaviour. The negative net 
present value (NPV) results from the ETC should be viewed in context. Over-cladding 
a building facade, replacing roof coverings and installing double-glazed windows are 
not solely done to save energy and CO2 emissions. Rental levels, vacancy periods, 
maintenance, aesthetics and occupant comfort levels are just some of the other 
benefits that the ETC refurbishment has enabled. Energy savings are seen in other 
projects as by-products of improving building fabric to ensure the building is fit for 
purpose and future-proofed.  
 
There are many other reasons why refurbishment should be considered a viable option 
even if they don’t meet the golden rule of the green new deal. By improving the fabric 
of a building the internal temperatures can be controlled better, ventilation rates can 
be lowered and overheating can be prevented. Providing a more comfortable work 
environment through draught reduction, reducing solar glare and noise, staff morale, 
productivity, wellbeing and output can be enhanced. Studies have shown that better 
work environments reduce sick leave and increase productivity which in turn leads to 
increases in company profits. As noted in the literature review energy demand and 
cost are rising and energy security issues and climate change need to be addressed. 
Therefore there is great need for non-domestic refurbishment as part of a wider 
solution to tackle these wider societal and environmental problems.  
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Operating more energy efficient buildings lowers capital expenditure as smaller 
heating and cooling system would be required. Better insulation can future proof a 
company’s building as well as increasing its value and attractiveness. There are many 
added benefits that should be taken into account when deciding on implementing a 
building refurbishment and financial payback should be considered alongside these 
benefits and not just on its own.  
 
The results of the research showed that refurbishment has a big role to play when it 
comes to addressing issues relating to energy security and climate change. Therefore 
the focus of the green deal needs to be widened from purely financial payback periods 
to incentives that highlight the equal importance of CO2 and energy savings also. Only 
then will the non-domestic building stock be able to enhance its energy sustainability 
through low carbon refurbishments.     
 
Over the past several decades, energy efficiency policies have provided significant 
benefits in the form of economic savings, reduction of pollution, and easing of supply 
constraints, with each policy standing on its own as providing benefits to society. In 
the context of human-induced climate change, it is no longer sufficient that each policy 
provide a net benefit: instead, governments and other actors must consider a 
comprehensive roadmap of actions which, in their totality will deliver sufficient 
reductions in carbon emissions to ensure that greenhouse gas concentrations do not 
exceed acceptable levels. 
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Chapter 7: Conclusions  
The refurbishment at the ETC aimed to reduce the buildings energy demand, cost and 
CO2e emissions and the research quantified these reductions per low carbon 
refurbishment step as well as the financial payback period of each option.  
 
The research established the pre refurbishment building fabric of the 1950’s building 
and from that the U value of each fabric was calculated. The U value calculations were 
calculated in the BRE U value calculator and again in the CYMAP slab calculator and 
findings were validated against the typical building fabric U values in CIBSE Guide A. 
From this the research concluded that the U values at the ETC pre refurbishment were 
1.34 W/m2K for the external walls, 1.2 W/m2K for the flat roof, floor building 1 was 2.4 
W/m2K and building 1a was 2.78 W/m2K while the doors were 2.2 W/m2K, the windows 
in building 1 were 5.7 W/m2K and in building 1a were 2.8 W/m2K and finally the roof 
lights were 5.7 W/m2K. 
 
Based on these U value findings the CYMAP model was created to establish the ETC 
buildings performance in regards to the heating energy demand, costs and CO2e 
emissions pre refurbishment. The model concluded that the heating energy demand 
pre refurbishment of the ETC building was 144,333 kWh per annum and the energy 
supplied was electric at 10p per unit concluding that the energy cost was 
approximately £14,548 per annum with about 64,297 tonnes of CO2e emissions 
released into the atmosphere per annum. 
 
The area of building 1 and 1a was 734m2 from which the buildings heating energy 
demand, cost and CO2e performance per m2 was calculated. The results concluded 
that the energy demand per m2 was 196kWh/ per m2, the energy cost was about £19 
per m2 and the 87 CO2e per m2. Once the baseline energy demand for heating pre 
refurbishment was established the impact of each refurbishment step was calculated. 
The low carbon roof refurbishment was found to reduce the roofs U value by 1 W/m2K 
resulting in a savings of approximately 15,402kWh energy demand for heating per 
annum, saving £1552 in energy costs and 6,862 tonnes of CO2e per annum. The 
payback period of the roof low carbon refurbishment was concluded to be 50 years. 
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The floor refurbishment in building 1 a reduced the U value by 2.58 W/m2K which in 
turn reduced the energy demand for heating by approximately 14311kWh per annum 
saving £1442 in energy costs and 6,375 tonnes CO2e per annum. The payback period 
of the floor low carbon refurbishment was 6 years. The wall refurbishment reduced the 
building fabrics U value by 1.09 W/m2K resulting in energy demand savings for heating 
of 5058kWh per annum with energy cost savings of approximately £509 and 2,253 
tonnes CO2e per annum. The payback period of the wall low carbon refurbishment 
was 126 years. 
 
The roof lights were upgraded and reduced the U value by 2.9 W/m2K resulting in 
annual energy demand savings for heating of 555 kWh and £56 energy cost savings 
with 247.4 tonnes CO2e savings per annum. The payback period of the roof lights low 
carbon refurbishment was 180 years. The doors were also refurbished which reduced 
their U value by 0.81 W/m2K. The new doors saved approximately 955 kWh per annum 
in heating energy demand, with annual cost savings of about £96 and total CO2e 
emissions savings of 426 tonnes CO2e per annum. The payback period of the door 
low carbon refurbishment was 300 years. 
 
Finally the windows were refurbished, reducing the U value of the double glazed 
windows by 1.4 W/m2K and by 4.3 W/m2K for the single glazed windows. The total 
reduction of energy demand for heating by the whole window refurbishment step was 
930 kWh with a cost savings of £93 and a total emissions saving of 414.5 tonnes CO2e 
per annum. The payback period of the window low carbon refurbishment was 416 
years. Only the floor refurbishment qualified for green new deal financing, all others 
refurbishment steps exceeded the 25 year payback period required, because 
refurbishment costs greatly exceeded the energy saving costs. The research found 
that the total energy saved due to the refurbishment as a whole was 37213 kWh per 
annum which in turn saved about £3751 in energy costs and 16,578 tonnes CO2e per 
annum. The payback period for the total refurbishment was about 60 years. The whole 
refurbishment reduced emissions by approximately 25%. The demand for energy was 
further reduced by changing from fluorescent tube lights to more efficient LED lighting. 
The LED lighting reduced the demand of energy for lighting by 75%, which reduced 
lighting costs and CO2e emissions by 75% also with a payback period of 4.6 years.  
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Chapter 8: Future Work   
 
Future work for the ETC would be to support their staff and tenants with a behaviour 
change programme to increase efficient use of energy when working in the newly 
refurbished building. There are many public sector and charitable organisations that 
that specialise in supporting individuals and businesses with behaviour change for 
energy efficiency. For example the Energy Saving Trust provides employee 
engagement services which increases employees' environmental awareness and run 
behaviours change programmes that can provide quantitative and qualitative 
evaluations to demonstrate the impact to both employees and the business. 
 
The research focused mainly on step one of the refurbishment hierarchy, upgrading 
the building fabric. The next step for the ETC is to increase efficiency in energy use, 
to date the ETC has increased its lighting efficiency by changing from fluorescent tube 
lights to more efficient LED lighting, reducing the CO2e emissions, energy demand 
and cost for lighting by about 75%. Future work to further increase efficient energy use 
would be to install automatic lighting controls to reduce the time that the artificial 
lighting is on unnecessarily. Passive solar infrared (PIR) sensors work by detecting 
the energy given off by other objects i.e. people walking past or presence in a room. 
According to Wallace Whittle installing PIR presence detection lighting controls could 
reduce lighting demand in the ETC building by 15%. 
 
The third step to reducing emissions in buildings is to reduce the carbon intensity of 
the energy that is needed. To this aim Wallace Whittle has recommended that the ETC 
should switch from the electrical resistance heating which exists in the ETC to a highly 
efficient, 96%, natural gas boiler. Wallace Whittle predicts this step will reduce the CO2 
emissions by approximately 100,000 tonnes per annum. To further decrease the 
carbon emissions a biomass boiler, 90% efficiency, was recommended to replace the 
gas heating with a further reduction of CO2 by approximately 50,000 tonnes per 
annum. Finally solar thermal hot water was recommended to supplement the gas 
option. PV solar panels could also be a source of low carbon energy as part of the 
mix.  
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New evidence suggests that ‘designed to’ and ‘operated to’ achieve that same 
standard is not always proven to be the case. This has been referred to as the 
‘performance gap’ that following refurbishment, buildings in use, typically consume 
twice as much as they have been designed to do [46]. If this is the case with the ETC 
building the energy, CO2e and costs will have been reduced by just 12.5% and the 
payback period would increase to 120 years. Therefore future work to establish the 
heating energy demand in use is recommended. To do this an energy monitoring 
system will need to be put in place. A system that can separate the variable energy 
use of testing rigs and energy demands for heating, lighting, auxiliary and small power. 
 
In order to monitor and analyse the energy use of the ETC and demonstrate any 
improvements made in terms of energy performance of the building when in ‘operation 
mode’ energy and temperature meters need to be installed. These should transmit 
data to a central server and this will be analysed by a software package that should 
accompany the meters. According to research carried out by Ellen Upton [51], seven 
energy meters will be required for building 1 and 1a. Of these seven meters, five 
meters will be used to monitor the energy use of testing rigs, one to be used to monitor 
the energy use of the office area, and the other one will monitor the electrical feed for 
the whole building. According to the Wallace Whittle report the low carbon 
refurbishment options, upgrading to energy efficient lighting with automatic controls 
and switching to a biomass boiler and solar water heating should transforms the ETC’s 
building energy performance from a poor G rating to a B rating on the Energy 
Performance Certificate (EPC) scale. Future work would recommend the ETC to hire 
an external consultant to analyse and provide them with an EPC once all 
refurbishment steps are complete to see if a B rating has been realised. 
 
The UK Department for Business, Innovation and Skills report on ‘Achieving a low 
carbon environment’ found that the biggest obstacle to reducing emissions from the 
built environment was available finance, not available technology. There were simply 
no mechanisms in place to release fast enough the huge investment needed to retrofit 
the existing stock to the levels implied by the carbon budgets set by the Government. 
According to Bill Bordass, a building scientist, cutting carbon emissions is not just a 
matter of technical measures, it requires a dramatic cultural change and real political 
will. 
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By 2020, UK building regulations are likely to ensure that new buildings are generally 
designed to a standard of energy efficiency that approaches the optimal. However for 
existing buildings, especially the 40% of non-domestic buildings pre dating 1985, 
effective delivery of energy efficiency and CO2 emissions reductions remains elusive. 
This in part is due to the lack of hard data about the most effective energy-efficiency 
refurbishment options in terms of CO2 and energy bill savings, ease of installation, 
cost and maintenance.  
 
The growing trend in building energy consumption will continue during the coming 
years due to the expansion of the built environment and associated energy needs, as 
long as resources and environmental exhaustion or economic recession allows it. 
Private initiatives together with government intervention through the promotion of 
energy efficiency, new technologies for energy production, limiting energy 
consumption and raising social awareness on the rational use of energy will all be 
essential in order to enhance the energy sustainability of existing buildings for the 
future.  
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Figure A1 Building fabric CDA specifications and drawings 
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Figure A3 – Photographs of ETC building after 
Figure A4 – ETC building 1A after refurbishment 
Figure A5 – ETC building 1 after refurbishment   
Figure A6 – ETC building 1a and 1 after building refurbishment 
Figure A7 – Aerial shot of ETC building before refurbishment 
Figure A8 – Interpretation of ETC building after refurbishment 
Table A1- Construction data outlined in the Wallace Whittle report  
Table A2 – Wallace Whittle Building Model Data 
Table A3 – TUV NEL Building Model Data 
Table A4 – Comparison of Wallace Whittle, TUV NEL and CYMAP Model Results  
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Table A1- Construction data outlined in the Wallace Whittle report  
 
Construction - 
Opaque 
Layer (Outside – Inside) Thickness 
(m) 
Overall U value 
(W/m2K) 
External Wall – 
Building 1 
1. Brickwork (Outer leaf) 
2. Brickwork (Inner leaf) 
3. Insulation 
4. Plasterboard 
0.2 
0.2 
0.02 
0.015 
0.7 
External Wall – 
Building 2 
1. Brickwork (Outer leaf) 
2. Insulation 
3. Brickwork (Inner leaf) 
0.1 
0.06 
0.06 
0.5 
Internal Partitions 1. Brickwork  0.1  
Flat Roof 1. Stone Chipping  
2. Felt Bitumen Layers 
3. Cast Concrete 
4. Insulation 
5. Plaster 
0.01 
0.005 
0.65 
0.015 
0.015 
2.3 
Pitched Roof 1. Tiles 
2. Cavity 
3. Insulation 
4. Ceiling Tiles 
0.01 
1.0 
0.065 
0.015 
0.33 
Ground Floor 1. Cast Concrete 
2. Insulation 
0.1 
0.03 
0.7 
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Table A2 – Wallace Whittle Building Model Data 
 
Activity 
Areas 
Room 
Conditions 
(°C) 
Hours of 
occupancy 
Lighting 
Gains 
(W/m2) 
Equipment 
gains 
Ventilation 
rates 
(W/m2) 
Infiltration 
rates  
(ACH) 
Workshop 16°C Mon to Fri 
100%: 9 to 18 
 
 
10 W/m2 
 
15 W/m2 
 
Uncontrolled 
natural vent  
 
2.5 
Office 21°C Mon to Fri 
100%: 9 to 18 
 
 
10 W/m2 
 
15 W/m2 
Manual 
controlled 
natural vent  
 
0.5 
WC 18°C Mon to Fri 
100%: 9 to 18 
 
 
10 W/m2 
  
-  
 
10 ACH 
Extract 
 
0.5 
Tea Point 21°C Mon to Fri 
100%: 9 to 18 
 
 
10 W/m2 
 
15 W/m2 
 
3 ACH 
Extract  
 
0.5 
Circulation 21°C Mon to Fri 
100%: 9 to 18 
 
 
10 W/m2 
 
-  
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Table A3 – TUV NEL Building Model Data 
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Table A4 – Comparison of Wallace Whittle, TUV NEL and CYMAP Model Results  
Building 
Model 
ETC  
Results for Building 1 
and 1a per annum 
 
Building 1 and 
1a and 2 and 
2a  
kWh per annum/ per m2 
for ETC Building 1 and 
1a  
 
TUV NEL 59280 kWh  
£4740 (12.5p a unit) 
82251kWh 59,280kWh/734m2= 
81kWh/m2 
 
Wallace 
Whittle  
278,186kWh 
(424, 386kWh / 
379kWh/m2 = 1119.7m2 
= 424,386/1119.7 = 
379kwh*734m2= 
278,186kWh) 
424, 386kWh 
 
424,386kwh /1119m2 
=379kWh/m2  
 
CYMAP  144,333 kWh 
£14,548 (10p a unit)  
 144333kWh/ 734m2  = 
196kWh/m2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A1 Building fabric CDA specifications and drawings [24]  
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J42 Single layer polymeric sheet roof coverings
To be read with Preliminaries/ General conditions.
REVISIONS
Revision A - 08.03.11: New roof covering to Building 2 omitted. 
Revision B - 21.02.13: Clause 135 omitted. 
TYPES OF ROOF COVERING
115 WARM DECK ROOF COVERING TO BUILDINGS 1 and 1A
•    To be read in conjunction with Firestone Building Products site specific survey and 
specification ref. SP42156 dated 24.04.10 
•    Substrate: Existing lightweight screed. 
-    Preparation: Remove existing waterproof covering and insulation and prepare in 
accordance with the recommendations detailed in Section 2.0 of Firestone Building 
Products site specific survey and specification ref. SP42156 dated 24.04.10. 
•    Roof covering system: Rubbergard EPDM Single Ply Roofing System. 
-    Guarantee: 20 years. 
-    Vapour control layer: Hi-Ten Aluminium vapour control layer. 
-    Insulation: Derbifoam GTF, 90mm thick to flat roof areas, 40mm thick to parapets. 
-    Waterproof membrane: Rubbergard EPDM. 
Thickness: 1.14mm. 
Colour: Dark Grey. 
-    Upper protection layer (loose laid): Not required. 
•    Surface protection: 760 x 760mm QuickSeam Walkway Pads. Allow 60 linear metres. 
•    Accessories: Harmer AV Retro Gulley Outlets to existing rainwater downpipes. 
•    Installation: In accordance with the manufacturer's technical guidelines, BBA Certificate 
89/2216 and Firestone Building Products site specific survey and specification ref. 
SP42156 dated 24.04.10 
PERFORMANCE
210 ROOF PERFORMANCE
•    Roof covering: Secure, free draining and weathertight. 
225 AVOIDANCE OF INTERSTITIAL CONDENSATION: WARM AND INVERTED ROOFS
•    Determine: Interstitial condensation risk of roof construction as recommended in BS 5250, 
annex D. 
•    Vapour control layer: If necessary, provide a suitable membrane so that damage and 
nuisance from interstitial condensation do not occur. 
PRODUCTS
320 PRIMER TO EXISTING PREPARED SUBSTRATES
•    Type: Solvent based low viscosity bitumen. 
•    Manufacturer: Alumasc Exterior Building Products Ltd. 
-    Product reference: Alumasc Bitumen Primer. 
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330 TIMBER TRIMS, ETC
•    Quality: Planed. Free from wane, pitch pockets, decay and insect attack except ambrosia 
beetle damage. 
•    Moisture content at time of covering (maximum): 22%. 
•    Preservative treatment: To WPA Commodity Specification C8. 
396 VAPOUR CONTROL LAYER
•    Type: Glass fibre reinforced bitumen. 
•    Manufacturer: Alumasc Exterior Building Products Ltd. 
-    Product reference: Hi-Ten Aluminium. 
•    Thickness: 1.5mm. 
421 RIGID URETHANE FOAM WARM DECK ROOF INSULATION
•    Manufacturer: Alumasc Exterior Building Products Ltd. 
-    Product reference: Derbifoam GTF. 
•    Edges: Square. 
•    Thickness: 90mm to flat roofs, 40mm to upstands. 
•    Facing: Coated glass tissue. 
EXECUTION GENERALLY
510 ADVERSE WEATHER
•    General: Do not lay membrane at temperatures below 5°C or in wet or damp conditions 
unless effective temporary cover is provided over working area. 
•    Unfinished areas of roof: Keep dry and protect edges of laid membrane from wind action. 
520 INCOMPLETE WORK
•    End of working day: Provide temporary seal to prevent water infiltration. 
•    On resumption of work: Cut away tail of membrane from completed area and remove from 
roof. 
SUBSTRATES/ VAPOUR CONTROL LAYERS/ WARM DECK ROOF INSULATION
610 SUITABILITY OF SUBSTRATES
•    Surfaces to be covered: Secure, clean, dry, smooth, free from frost, contaminants, voids 
and protrusions. 
•    Preliminary work: Complete, including 
-    Grading to correct falls. 
-    Formation of upstands, kerbs, box gutters, sumps, grooves, chases and expansion 
joints. 
-    Fixing of battens, fillets and anchoring plugs/ strips. 
•    Moisture content and stability of substrate: Must not impair integrity of roof. 
625 REMOVING EXISTING COVERINGS
•    Mechanical stripping: Not permitted. 
•    Exposed substrate: Do not damage. 
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671 LAYING VAPOUR CONTROL LAYER 
•    Laying: Fully bonded to the deck in hot bitumen using the pour and roll technique in 
accordance with BS8217 Code of practice for built-up roofing. 
•    Side and head laps: 75mm and 100mm respectively. 
•    Upstands, kerbs and other penetrations: At all perimeter upstands, the vapour control layer 
is to be dressed up to the height of the thermal insulation boards, and sealed to the 
perimeter surface. The vapour control layer is to be sealed to the surface of all 
penetrations which pass through the roof. 
681 LAYING WARM DECK ROOF INSULATION
•    Setting out: 
-    Boards to be neatly fitted to all roof perimeters & penetrations. 
-    Joints: Fully supported close butted together. 
-    End joints: Staggered. 
•    Attachment: Boards to be fully bonded to the primed substrate in a mopping of 95/25 grade 
hot bitumen. Minimise bitumen bleed at the board joints and remove any excess bitumen 
from the surface of the thermal insulation prior to installation of the single ply waterproofing 
membrane. 
•    Installation: Install only as much of the insulation boards as can be waterproofed before the 
end of the working day or onset of inclement weather. Ensure that a temporary night seal is 
provided at the end of the working day. See Section 1, Quality Assurance – Job Site 
Considerations, Clause B12 for further information. 
WATERPROOF MEMBRANES/ ACCESSORIES
721 ADHESIVE BONDING/JOINTING OF WATERPROOF MEMBRANE
•    Preparation: The surface must be clean, dry and free of any foreign materials or 
contaminants which could cause damage. 
Installation: Unroll the EPDM membranes (without stretching) onto the substrate as close 
to the required final positions as possible, and allow to relax for a minimum of 30 minutes 
before attachment or splicing operations. The EPDM membranes should be positioned 
allowing for a minimum 100mm overlap with the adjoining EPDM membranes at all edges. 
Lay out the EPDM membranes in a fashion so that seams are installed to shed water. 
•    Attachment: The membrane is to be fully adhered to the substrate using a neoprene-based 
rubber contact adhesive. 
-    Reference: Bonding Adhesive BA-2004(T) 
-    Manufacturer: Firestone Building Products 
The adhesive will be applied in an even, smooth coat onto both surfaces. Avoid globs 
and puddles. Allow sufficient time for the adhesive to flash off until tacky prior to mating 
the surfaces. Care must be taken to keep the seam edges clear of adhesive. 
•    Seaming: All standard seams are to be joined using a 76mm wide, double-sided, rubber 
adhesive splice tape, in conjunction with a solvent-based primer. 
-    Reference (Splice tape): QuickSeam® 76mm (3) Splice Tape 
-    Reference (Primer): QuickPrime Plus 
-    Manufacturer: Firestone Building Products 
•    Surface condition at completion: Fully sealed, smooth, weatherproof and free draining. 
760 PERIMETER OF MEMBRANE
•    General: Secure membrane at roof edge conditions, changes of plane, curb flashings, 
upstands to roof lights, etc. with mechanical fasteners. 
SURFACING
850 LAYING MEMBRANE WALKWAYS
•    Attachment: QuickPrime Plus. Ensure that a 25mm gap is left between tiles . 
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COMPLETION
910 INSPECTION
•    Interim and final roof inspections: Submit reports. 
940 COMPLETION
•    Roof areas: Clean. 
-    Outlets: Clear. 
•    Work necessary to provide a weathertight finish: Complete. 
•    Storage of materials on finished surface: Not permitted. 
•    Completed membrane: Do not damage. Protect from traffic and adjacent or high level 
working. 
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K11 Rigid sheet flooring/ sheathing/ decking/ sarking/ linings/ casings
To be read with Preliminaries/ General conditions.
REVISIONS
Revision A: 13.05.10 - Clause 846 added. 
Revision B: 21.02.13 - Clauses 536 and 846 omitted. 
TYPES OF FLOORING/ SHEATHING/ DECKING/ SARKING/ LINING/ CASINGS
436 ORIENTED STRAND BOARD WALL SHEATHING
•    Location: Horizontal timber board cladding to external walls as clause H21/117 
•    Manufacturer: Norbord. 
-    Product reference: SterlingOSB. 
•    Sheathing: Oriented strand board to BS EN 300, Type OSB/3. 
-    Thickness: 15mm. 
-    Other requirements: Square edge. 
•    Setting out: Long edges vertical and centred on supports. 
-    Expansion gap between adjacent boards (unless otherwise recommended by 
manufacturer): 2-3 mm. 
•    Fixing to supports: 
-    Fasteners: 50 x 3.35 mm galvanized annular ringed shank nails. 
-    Fixing centres (maximum): 
Around board edges: 150 mm. 
Along intermediate supports: 300 mm. 
-    Fixing distance from edges (minimum): 25 mm from bottom edge of board and 10 mm 
from other edges. 
WORKMANSHIP
910 INSTALLATION GENERALLY
•    Timing: Building to be weathertight before fixing boards internally. 
•    Moisture content of timber supports (maximum): 18%. 
•    Joints between boards: Accurately aligned, of constant width and parallel to perimeter 
edges. 
•    Methods of fixing, and fasteners: As section Z20 where not specified otherwise. 
930 ADDITIONAL SUPPORTS
•    Additional studs, noggings/ dwangs (Scot) and battens: 
-    Provision: In accordance with board manufacturer's recommendations and as follows: 
Tongue and groove jointed rigid board areas: To all unsupported perimeter edges. 
Butt jointed rigid board areas: To all unsupported edges. 
-    Size: Not less than 50 mm wide and of adequate thickness. 
-    Quality of timber: As for adjacent timber supports. 
-    Treatment (where required): As for adjacent timber supports. 
940 BOARD MOISTURE CONTENT AND CONDITIONING
•    Moisture content of boards at time of fixing: Appropriate to end use. 
•    Conditioning regime: Submit proposals. 
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960 FIXING GENERALLY
•    Boards/ sheets: Fixed securely to each support without distortion and true to line and level. 
•    Fasteners: Evenly spaced in straight lines and, unless otherwise recommended by board 
manufacturer, in pairs across joints. 
-    Distance from edge of board/ sheet: Sufficient to prevent damage. 
•    Surplus adhesive: Removed as the work proceeds. 
980 OPEN JOINTS
•    Perimeter joints, expansion joints and joints between boards: Free from plaster, mortar 
droppings and other debris. 
•    Temporary wedges and packings: Removed on completion of board fixing. 
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L10 Windows/ Rooflights/ Screens/ Louvres
To be read with Preliminaries/ General conditions.
REVISIONS
Revision A: 11.05.10 - Trickle ventilators added to clause 411. 
Revision B: 21.02.13 - Clause 671 omitted. 
GENERAL
110 EVIDENCE OF PERFORMANCE
•    Certification: Provide independently certified evidence that all incorporated components 
comply with specified performance requirements. 
115 TIMBER PROCUREMENT
•    Timber (including timber for wood based products): Obtained from well managed forests 
and/ or plantations in accordance with: 
-    The laws governing forest management in the producer country or countries. 
-    International agreements such as the Convention on International Trade in Endangered 
Species of wild fauna and flora (CITES). 
•    Documentation: Provide either: 
-    Documentary evidence (which has been or can be independently verified) regarding the 
provenance of all timber supplied. 
-    Evidence that suppliers have adopted and are implementing a formal environmental 
purchasing policy for timber and wood based products. 
120 SITE DIMENSIONS
•    Procedure: Before starting work on designated items take site dimensions, record on shop 
drawings and use to ensure accurate fabrication. 
•    Designated items: 
All windows as clause 411. 
140 CONTROL SAMPLES
•    Procedure: 
-    Finalise component details. 
-    Fabricate one of each of the following designated items as part of the quantity required 
for the project. 
-    Obtain approval of appearance and quality before proceeding with manufacturer of the 
remaining quantity. 
•    Designated items: 
Composite window as clause 411. 
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PRODUCTS
411 COMPOSITE WINDOWS TO NEW AND EXISTING OPENINGS
•    Drawing reference: 0954 (--)006, 008, 009 and Window Schedules (32)001 and 002 
•    Manufacturer: Senior Architectural Systems Ltd. Contact Livingston office 01506407640 
-    Product reference: SAS Hybrid Window - Casement 
•    Materials: 
-    Exterior frame/ sash cladding: Extruded aluminium Alloy 6063 T5/T6 to BS EN 755 Pt 9 
2001. 
Finish: Polyester Powder coated to minimum 40 microns thickness. RAL from standard 
colour range.. 
-    Interior frame/ sash section: Purpose engineered profiles in Spruce laminated timber,
(Scantlings); in principle without faults (like knots and flaws). Certificated to IFT 
Rosenheim, DIN EN 204 glued with D4 glue, Finger joints in outer layers at 
approximately 500 mm plus centres with a moisture content of 12% +/- 2%. PEFC /04-32
-0042 Certified. 
Finish: Matt Lacquered finish on spruce – 150 – 300 micron wet film thickness. 
•    Exposure category to BS 6375-1/ Design wind load: Air permeability 600 pa, Water 
tightness 600 pa, Wind Resistance 2400 pa. 
•    Operation and strength characteristics: To BS 6375-2. 
•    Glazing details: 
- Inner Pane: 6mm clear low-E laminated.
- Cavity: 16mm argon filled.
- Outer pane: 6mm clear heat soaked toughened.
- All glazing to comply with BS 6262 and BS 952.. 
-    Beading: External. 
•    Ironmongery/ Accessories: Multi-point locking with locking handles. Trickle ventilators to 
comply with Building Standards 3.14.2 and 3.14.3. 
•    Fixing: Proprietary fixings to be agreed with specialist fixings manufacturer to 
accommodate different fixing conditions. 
•    Other requirements: SAS Hybrid doors to be incorporated into glazed sceens W33 and 34. 
461 ROOFLIGHTS TO BUILDING 1 
•    Manufacturer: Lareine Engineering Ltd. 
-    Product reference: Solus Rooflight. 
•    Type: Dome. 
•    Frame: Aluminium to BS 1474:1987 Alloy 6063-T6.. 
-    Finish: Mill finish. 
-    Colour: Natural aluminium externally, white painted internally. 
•    Kerb: Type 1, 250mm high, insulated externally to suit roof membrane and insulation as 
Section J42. 
•    Glazing details: Double skin polycarbonate . 
•    U Value: 2.7 W/m2K 
•    Other requirements: Electrically opening vent. 
•    Fixing: In accordance with the manufactuer's instructions. 
EXECUTION
710 PROTECTION OF COMPONENTS
•    General: Do not deliver to site components that cannot be installed immediately or placed 
in clean, dry floored and covered storage. 
•    Stored components: Stack vertical or near vertical on level bearers, separated with spacers 
to prevent damage by and to projecting ironmongery, beads, etc. 
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730 PRIMING/ SEALING
•    Wood surfaces inaccessible after installation: Prime or seal as specified before fixing 
components. 
741 CORROSION PROTECTION
•    Protective coating: Two coats of bitumen solution to BS 6949 or an approved mastic 
impregnated tape. 
-    Timing of application: Before fixing components. 
750 BUILDING IN
•    General: Not permitted unless indicated on drawings. 
-    Brace and protect components to prevent distortion and damage during construction of 
adjacent structure. 
765 WINDOW INSTALLATION GENERALLY
•    Installation: Into prepared openings. 
•    Gap between frame edge and surrounding construction: 
-    Minimum: 3mm. 
-    Maximum: 6mm. 
•    Distortion: Install windows without twist or diagonal racking. 
770 DAMP PROOF COURSES IN PREPARED OPENINGS
•    Location: Ensure correct positioning in relation to window frames. Do not displace during 
fixing operations. 
784 FIXING OF COMPOSITE FRAMES
•    Standard: As section Z20. 
•    Fasteners: Proprietary fixings to be agreed with specialist fixings manufacturer to 
accommodate different fixing conditions. 
-    Spacing: When not predrilled or specified otherwise, position fasteners not more than 
150 mm from ends of each jamb, adjacent to each hanging point of opening lights, and 
at maximum 600 mm centres. 
810 SEALANT JOINTS
•    Sealant: 
-    Manufacturer: Contractor's choice to approval. 
Product reference: Contractor's choice to approval. 
-    Colour: TBC from standard range. 
-    Application: As section Z22 to prepared joints. Finish triangular fillets to a flat or slightly 
convex profile. 
820 IRONMONGERY
•    Fixing: Assemble and fix carefully and accurately using fasteners with matching finish 
supplied by ironmongery manufacturer. Do not damage ironmongery and adjacent 
surfaces. 
•    Checking/ Adjusting/ Lubricating: Carry out at Completion and ensure correct functioning. 
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L20 Doors/ shutters/ hatches
To be read with Preliminaries/ General conditions.
REVISIONS
Revision A: 21.02.13 - Clauses 231 and 330 omitted. 
GENERAL
111 EVIDENCE OF PERFORMANCE
•    Certification: Provide independently certified evidence that all incorporated components 
comply with specified performance requirements. 
112 TIMBER PROCUREMENT
•    Timber (including timber for wood based products): Obtained from well managed forests 
and/ or plantations in accordance with: 
-    The laws governing forest management in the producer country or countries. 
-    International agreements such as the Convention on International Trade in Endangered 
Species of wild fauna and flora (CITES). 
•    Documentation: Provide either: 
-    Documentary evidence (which has been or can be independently verified) regarding the 
provenance of all timber supplied. 
-    Evidence that suppliers have adopted and are implementing a formal environmental 
purchasing policy for timber and wood based products. 
150 SITE DIMENSIONS
•    Procedure: Before starting work on designated items take site dimensions, record on shop 
drawings and use to ensure accurate fabrication. 
•    Designated items: 
All new doors which are to be fitted into existing openings . 
170 CONTROL SAMPLES
•    Procedure: 
-    Finalize component details. 
-    Fabricate one of each of the following designated items as part of the quantity required 
for the project. 
-    Obtain approval of appearance and quality before proceeding with manufacture of the 
remaining quantity. 
•    Designated items: 
External steel doorset as clause 481. 
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PRODUCTS
481 EXTERNAL STEEL DOORSETS GENERALLY
•    Drawing reference: 0954(--)006, 008, 009 and Door Schedule (31)001 
•    Manufacturer: Guardian Industrial Doors Ltd, Tel 01702 512424. 
-    Product reference: Omega TI. 
•    Arrangement: Single and double leaf, inward and outward opening, double glazed integral 
overpanels. 
•    Installed U value: 1.48 W/m2K  
•    Door leaf: Galvanised steel. 
-    Finish as delivered: Acrylic melamine in standard RAL colour. 
•    Frame and architraves: Galvanised steel. 
-    Finish as delivered: Acrylic melamine in standard RAL colour. 
•    Ironmongery: 1.5 pairs of 3.4mm thick full ball bearing stainless steel hinges per leaf, . 
•    Perimeter seals: Silicone rubber seals bonded to frame rebates. 
•    Other requirements: Shallow depth extruded aluminium threshold. 
611 ROLLER SHUTTERS GENERALLY
•    Drawing reference: 0954(--)006, 008, 009 and Door Schedule (31)001 
•    Manufacturer: SAR/LBS Ltd, Tel 01923 208888 . 
-    Product reference: Standard heavy duty security shutter, thermally insulated version . 
•    Performance: Thermal insulation: U value 0.69 W/m2K . 
•    Arrangement: Vertical, fitted into reveal and face fitted across opening . 
•    Shutter curtain: Galvanized steel . 
-    Finish as delivered: Colorcoat Plastisol in standard RAL colour . 
•    Frame/ Guides: Galvanised steel . 
-    Finish as delivered: Colorcoat Plastisol in standard RAL colour . 
•    Operation: Electrical, with constant pressure button control . 
•    Other requirements: None . 
EXECUTION
710 PROTECTION OF COMPONENTS
•    General: Do not deliver to site components that cannot be installed immediately or placed 
in clean, dry, floored and covered storage. 
•    Stored components: Stacked on level bearers, separated with spacers to prevent damage 
by and to projecting ironmongery, beads, etc. 
740 CORROSION PROTECTION
•    Surfaces to be protected: Surfaces inaccessible after installation . 
•    Protective coating: Two coats of bitumen solution to BS 6949 or an approved mastic 
impregnated tape. 
-    Timing of application: Before fixing components. 
750 FIXING DOORSETS
•    Timing: After associated rooms have been made weathertight and the work of wet trades is 
finished and dried out. 
760 BUILDING IN
•    General: Not permitted unless indicated on drawings. 
780 DAMP PROOF COURSES IN PREPARED OPENINGS
•    Location: Correctly positioned in relation to door frames. Do not displace during fixing 
operations. 
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790 FIXING OF WOOD FRAMES
•    Spacing of fixings (frames not predrilled): Maximum 150 mm from ends of each jamb and 
at 600 mm maximum centres. 
800 FIXING OF LOOSE THRESHOLDS
•    Spacing of fixings: Maximum 150 mm from each end and at 600 mm maximum centres. 
820 SEALANT JOINTS
•    Sealant: 
-    Manufacturer: Contractor's choice to approval . 
Product reference: Contractor's choice to approval . 
-    Colour: TBC from standard range . 
-    Application: As section Z22 to prepared joints. Triangular fillets finished to a flat or 
slightly convex profile. 
830 FIXING IRONMONGERY GENERALLY
•    Fasteners: Supplied by ironmongery manufacturer. 
-    Finish/ Corrosion resistance: To match ironmongery. 
•    Holes for components: No larger than required for satisfactory fit/ operation. 
•    Adjacent surfaces: Undamaged. 
•    Moving parts: Adjusted, lubricated and functioning correctly at completion. 
860 INSTALLATION OF EMERGENCY EXIT DEVICES
•    Standard: Unless specified otherwise, install panic bolts/ latches in accordance with BS EN 
1125. 
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M21 Insulation with rendered finish
To be read with Preliminaries/General conditions.
REVISIONS
Revision A: 11.05.10 - Clause 235, Option 2 added. 
Revision B: 21.02.13 - Clause 181 revised, Clause 235 omitted. 
GENERAL/ SYSTEM REQUIREMENTS
121 SURVEY OF EXISTING WALLS
•    Timing: During tender period, tender to include for all items listed below and any others 
highlighted by survey. 
•    Objective: To confirm suitability for application of external wall insulation system. 
•    Survey report: Submit, covering all relevant matters listed below: 
-    The form and condition of the structural substrate. 
-    A schedule of repairs and/ or additional works necessary to render the substrate suitable 
to receive the system. 
-    A schedule of services, fixtures and fittings requiring removal to facilitate installation of 
the system. 
-    Proposals for treatment of potential cold bridges, e.g. reveals, concrete floor edges. 
-    Any other information considered relevant. 
160 REMEDIAL WORK
•    Remedial work shown to be necessary by survey: Main contractor's responsibility . 
161 REMOVAL OF EXISTING SERVICES, FIXTURES AND FITTINGS
•    Removal of all services, fixtures and fittings shown to be necessary by survey: Main 
contractor's responsibility . 
162 REINSTATEMENT OF EXISTING SERVICES, FIXTURES AND FITTINGS
•    Reinstatement of all services, fixtures and fittings including any necessary adjustments to 
below ground rainwater drainage etc: Main contractor's responsibility . 
181 STRUCTURAL SUBSTRATE
•    Building 1 and 1A: Sand cement render on 102mm brickwork outer leaf, 50mm uninsulated 
cavity, 102mm brickwork inner leaf. 
-    Preparation: As recommended in survey report. 
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231 RENDERED EXTERNAL WALL INSULATION SYSTEM - OPTION 1
•    Manufacturer: Powerwall Systems Ltd. 
-    Product reference: System 3 
•    Installer: Trained and approved by the manufacturer. 
•    Installation: To be applied strictly in accordance with the system manufacturer's job specific 
specification and instructions. 
•    Standard: Agrément certified. 
-    Evidence of compliance: Submit copy of current certificate for proposed system. 
•    Certified effective life (minimum): 30 years. 
•    Fire rating: Class 0 surface spread of flame as defined in Building Regulations. 
•    Vapour permeability of system: Not less than that of the construction to which it is applied. 
•    Thermal transmittance (U-value) of existing walls: Varies. 
•    Required thermal transmittance (U-value) of insulated walls including finishes: Max 0.30 
W/m²K. 
•    Insulation: Mineral wool. 
-    Thickness: 120mm 
-    Fixing: Adhesive and mechanical fix. 
•    Beads/ Trims: Provide and fix all manufacturer's standard starter tracks, stop beads, 
movement and expansion joint beads, etc. required to complete the installation. 
•    Reinforcing layer: Powerwall Alkali Resisting Glass Mesh Standard Grade. 
-    Embedment: In a 3mm coat of Powerwall Adhesive over the entire area including 
reveals. Overlap strips of mesh a minimum of 100mm, ensuring there are no overlaps 
within 200mm of any corner. A second coat, 3 – 4mm of Powerwall Adhesive is to be 
applied over the entire area in order to level out any irregularities in the surface to be 
rendered. 
•    Primer: Two coats of Surewall Colour Coat Primer. 
•    Render finish: Acrylic Sand Finish. 
310 DESIGN
•    Detailed design of system and associated features shown on drawings: Complete to meet 
requirements of this specification. 
320 INTEGRITY
•    Installation requirements: 
-    Weathertight under all anticipated conditions. 
-    Capable of resisting all dead loads and design live loads, including impact and wind 
loads, and accommodating all thermal movements without damage. 
341 WIND LOADING
•    General: Appropriate to location, exposure, height, building shape and size, taking account 
of existing and known future adjacent and attached buildings. 
•    Standard: To BS 6399-2. 
•    Design: Contractor design by system installer. 
360 SAMPLES
•    Procedure: Submit samples/ examples of designated items for approval. Keep approved 
samples on site for the duration of the contract for inspection/ comparison purposes. 
•    Designated items: Panel demonstrating build up and final appearance of rendered 
insulation system as clause 231 . 
380 UNIFORMITY OF COLOUR AND TEXTURE OF COATING MIXES
•    Type/ proportion of constituent materials: Unchanged once samples of coatings have been 
approved. 
•    Supplies of materials: Sufficient to give consistent and uniform colour and texture. 
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INSTALLATION
410 INSTALLATION
•    Installer: The system manufacturer, or a contractor approved by the system manufacturer. 
420 ADVERSE WEATHER
•    Materials/ Surfaces: Do not use frozen materials and do not apply materials to frost bound 
surfaces. 
•    Adhesives/ Mortars/ Renders: Do not apply when air temperature is at or below 5°C on a 
falling thermometer or below 3°C on a rising thermometer, or when temperature of the air 
or wall surface is above 30°C and the surface is not protected. 
•    Temperature of the work: Maintained above minimum level recommended by manufacturer 
until adhesive/ mortar/ render has fully hardened. 
•    Newly rendered surfaces: Protected against rain and snow by covering when precipitation 
occurs. 
•    Coatings damaged by rain or frost: Replace. 
430 SUBSTRATES
•    Condition before pretreatment/ application of coatings: Structurally sound, adequately true 
and level, dry, free from contamination by dirt, dust, efflorescence or other deleterious 
substances, and in a suitable condition to receive specified coatings. 
490 CONSTRUCTION/ MOVEMENT JOINTS
•    Location: As shown on drawings. 
•    Formation: Accurately to detail. 
•    Modifications to joint locations/ design: Agree revisions before proceeding. 
520 SUPPORTS FOR SERVICES/ FITTINGS
•    Service/ fitting: Various. 
•    Location: Various. 
•    Type of support: As recommended by system manufacturer. 
530 SEALANT JOINTS
•    Locations: At all perimeters, junctions with windows and doors, pentrations etc to ensure a 
fully weathertight installation . 
•    Sealant: Powerwall Silicone Mastic . 
•    Joints: Formed in accordance with section Z22 and system manufacturer's 
recommendations using any necessary joint fillers, backing strips, etc. 
550 INSPECTION OF COMPLETED INSTALLATION
•    Timing: As soon as possible after completion of the work and before removing scaffolding. 
•    Notice for inspection (minimum): 5 working days. 
•    Defects: Report immediately. 
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M60 Painting/clear finishing
To be read with Preliminaries/General conditions.
REVISIONS
Revision A: 11.05.10 - Clause 155 added. 
Revision B: 21.02.13 - Clause 155 omitted. 
COATING SYSTEMS
135 GLOSS PAINT TO NEW INTERNAL TIMBER AND MDF
•    Manufacturer: ICI Paints . 
-    Product reference: Ecosure . 
•    Surfaces: Uncoated . 
-    Preparation: As clause 400 . 
•    Initial coats: Thinned coat of Ecosure Water-based Undercoat . 
-    Number of coats: One . 
•    Undercoats: Ecosure Water-based Undercoat . 
-    Number of coats: One . 
•    Finishing coats: Ecosure Water-based Gloss . 
-    Number of coats: Two . 
171 MASONRY COATING TO BUILDING 1 EXISTING/NEW INTERNAL 
BRICKWORK/BLOCKWORK
•    Manufacturer: ICI Paints. 
-    Product reference: Dulux Trade Weathershield Smooth Masonry Paint. 
•    Surfaces: New and previously painted brickwork/blockwork. 
-    Preparation: Wash down previously painted surfaces with a detergent solution to remove 
dirt, grease, chalking paint etc. Rinse off with clean water and allow to dry. Carefully 
scrape back to a firm edge all areas of poorly adhering or defective coatings and rub 
down thoroughly to 'key and feather' broken edges of existing coatings.. 
•    Initial coats: None. 
•    Undercoats: None. 
•    Finishing coats: Masonry paint. 
-    Number of coats: Two. 
GENERALLY
215 HANDLING AND STORAGE
•    Coating materials: Deliver in sealed containers, labelled clearly with brand name, type of 
material and manufacturer's batch number. 
•    Materials from more than one batch: Store separately. Allocate to distinct parts or areas of 
the work. 
220 COMPATIBILITY
•    Coating materials selected by contractor: 
-    Recommended by their manufacturers for the particular surface and conditions of 
exposure. 
-    Compatible with each other. 
-    Compatible with and not inhibiting performance of preservative/fire retardant 
pretreatments. 
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280 PROTECTION
•    'Wet paint' signs and barriers: Provide where necessary to protect other operatives and 
general public, and to prevent damage to freshly applied coatings. 
300 CONTROL SAMPLES
•    Sample areas of finished work: Carry out, including preparation, as follows: 
Types of coating      Nature of sample 
M60/ 171 .       One wall . 
•    Approval of appearance: Obtain before commencement of general coating work. 
PREPARATION
400 PREPARATION GENERALLY
•    Standard: In accordance with BS 6150. 
•    Suspected existing hazardous materials: Prepare risk assessments and method 
statements covering operations, disposal of waste, containment and reoccupation, and 
obtain approval before commencing work. 
•    Preparation materials: Types recommended by their manufacturers and the coating 
manufacturer for the situation and surfaces being prepared. 
•    Substrates: Sufficiently dry in depth to suit coating. 
•    Efflorescence salts: Remove. 
•    Dirt, grease and oil: Remove. Give notice if contamination of surfaces/ substrates has 
occurred. 
•    Surface irregularities: Remove. 
•    Joints, cracks, holes and other depressions: Fill flush with surface, to provide smooth 
finish. 
•    Dust, particles and residues from preparation: Remove and dispose of safely. 
•    Water based stoppers and fillers: 
-    Apply before priming unless recommended otherwise by manufacturer. 
-    If applied after priming: Patch prime. 
•    Oil based stoppers and fillers: Apply after priming. 
•    Doors, opening windows and other moving parts: 
-    Ease, if necessary, before coating. 
-    Prime resulting bare areas. 
425 IRONMONGERY
•    Removal: Before commencing work: Remove ironmongery from surfaces to be coated. 
•    Hinges: Do not remove. 
•    Replacement: Refurbishment as necessary; refit when coating is dry. 
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440 PREVIOUSLY COATED SURFACES GENERALLY
•    Preparation: In accordance with BS 6150, clause 11.5. 
•    Contaminated or hazardous surfaces: Give notice of: 
-    Coatings suspected of containing lead. 
-    Substrates suspected of containing asbestos. 
-    Significant rot, corrosion or other degradation of substrates. 
•    Suspected existing hazardous materials: Prepare risk assessments and method 
statements covering operations, disposal of waste, containment and reoccupation, and 
obtain approval before commencing work. 
•    Removing coatings: Do not damage substrate and adjacent surfaces or adversely affect 
subsequent coatings. 
•    Loose, flaking or otherwise defective areas: Carefully remove to a firm edge. 
•    Alkali affected coatings: Completely remove. 
•    Retained coatings: 
-    Thoroughly clean to remove dirt, grease and contaminants. 
-    Gloss coated surfaces: Provide key. 
•    Partly removed coatings: 
-    Additional preparatory coats: Apply to restore original coating thicknesses. 
-    Junctions: Provide flush surface. 
•    Completely stripped surfaces: Prepare as for uncoated surfaces. 
481 UNCOATED WOOD
•    General: Provide smooth, even finish with arrises and moulding edges lightly rounded or 
eased. 
•    Heads of fasteners: Countersink sufficient to hold stoppers/fillers. 
•    Resinous areas and knots: Apply two coats of knotting. 
560 UNCOATED CONCRETE
•    Release agents: Remove. 
570 UNCOATED MASONRY/ RENDERING
•    Loose and flaking material: remove. 
622 ORGANIC GROWTHS
•    Dead and loose growths and infected coatings: Scrape off and remove from site. 
•    Treatment biocide: Apply appropriate solution to growth areas and surrounding surfaces. 
•    Residual effect biocide: Apply appropriate solution to inhibit re-establishment of growths. 
646 SEALING OF INTERNAL MOVEMENT JOINTS
•    General: To junctions of walls and ceilings with architraves, skirtings and other trims. 
•    Sealant: Water based acrylic. 
-    Preparation and application: As section Z22. 
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APPLICATION
711 COATING GENERALLY
•    Application standard: In accordance with BS 6150, clause 9. 
•    Conditions: Maintain suitable temperature, humidity and air quality during application and 
drying. 
•    Surfaces: Clean and dry at time of application. 
•    Thinning and intermixing of coatings: Not permitted unless recommended by manufacturer. 
•    Overpainting: Do not paint over intumescent strips or silicone mastics. 
•    Priming coats: 
-    Thickness: To suit surface porosity. 
-    Application: As soon as possible on same day as preparation is completed. 
•    Finish: 
-    Even, smooth and of uniform colour. 
-    Free from brush marks, sags, runs and other defects. 
-    Cut in neatly. 
•    Doors, opening windows and other moving parts: Ease before coating and between coats. 
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P10 Sundry insulation/ proofing work
SUNDRY INSULATION/ PROOFING WORK
To be read with Preliminaries/ General conditions.
REVISIONS
Revision A: 21.02.13 - Clause 165 omitted. 
TYPES OF INSULATION
130 SURVEY OF EXISTING BUILDING 1A GROUND FLOOR SOFFIT
•    Timing: During tender period, tender to include for all items listed below and any others 
highlighted by survey. 
Objective: To confirm suitability for application of soffit insulation. 
Survey report: Submit, covering all relevant matters listed below: 
-    The form and condition of the structural substrate. 
-    A schedule of repairs and/ or additional works necessary to render the substrate suitable 
to receive the insulation. 
-    A schedule of services, fixtures and fittings requiring removal to facilitate installation of 
the insulation. 
-    Proposals for treatment of potential cold bridges. 
-    Any other information considered relevant. 
132 REMOVAL OF EXISTING SERVICES, FIXTURES AND FITTINGS
•    Removal of all services, fixtures and fittings shown to be necessary by survey:  [Main 
contractor's responsibility] . 
133 REINSTATEMENT OF EXISTING SERVICES, FIXTURES AND FITTINGS
•    Reinstatement of all services, fixtures and fittings shown to be necessary by survey:  [Main 
contractor's responsibility] . 
141 BUILDING 2A INSULATION FITTED BETWEEN RAFTERS
•    Material: Mineral wool. 
•    Standard: To BS EN 13162. 
•    Manufacturer: Rockwool Ltd. 
-    Product reference: Rockfall Underlay Board. 
•    Thickness: 100 mm. 
•    Installation requirements: 
-    Joints: Butted, no gaps. 
-    Fasteners/battens: Used where necessary to retain insulation and/ or prevent slumping. 
-    Eaves ventilation: Unobstructed. 
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155 INSULATION TO BUILDING 1A GROUND FLOOR SOFFIT - OPTION 1
•    Material: Sprayed rigid foam. 
•    Manufacturer: Isothane Ltd, Tel 01245 872555. 
-    Product reference: Duratherm OS. 
•    Thickness: 110 mm. 
•    Pre installation survey: As clause 130, to be carried out by installer to confirm the suitability 
of the substrate to receive the specified insulation. 
•    Installation: In accordance with in accordance with the manufacturer's instructions and 
specification. 
-    Installer: Approved and trained by the insulation manufacturer. 
•    Installation requirements: 
-    The substrate should be dean, dry and free of dirt, grease, oil and loose particles. Apply 
a primer recommended by the manufacturer to maximise adhesion if required. 
-    Climatic conditions must be within the manufacturer's recommended range for spraying 
with regard to humidity and wind velocities. 
-    Service holes: Sealed, and debris removed before commencing insulation. 
-    The foam should be built up in passes of not less than 15mm and not more than 10 
minutes should elapse between passes. 
•    Other requirements: Removal and reinstatement of existing services etc. as clauses 132 
and 133. 
231 UNFACED MINERAL WOOL INSULATION FITTED BETWEEN STUDS
•    Material: Mineral wool. 
•    Standard: To BS EN 13162, Kitemark certified. 
•    Manufacturer: Rockwool Ltd. 
-    Product reference: Flexi. 
-    Thickness: 100mm. 
•    Installation requirements: 
-    Fixing: Fit tightly with joints, butted, no gaps. 
-    Fasteners: Used to prevent slumping/ displacement. 
311 VAPOUR CONTROL LAYER FIXED TO TIMBER STUDS/ FRAMING
•    Material: 500 gauge virgin polyethylene. 
•    Manufacturer: Visqueen Building Products Ltd. 
-    Product reference: Visqueen Vapour Barrier. 
•    Minimum vapour resistance: 250 MN s/g. 
•    Moisture content of timber at time of fixing  (maximum): 20%. 
•    Installation requirements: 
-    Setting out: Joints minimized. 
-    Method of fixing: Staples at 250 mm centres maximum along all supports. Membrane not 
sagging. 
-    Joints: At supports only, lapped 150 mm minimum. 
-    Openings: Membrane fixed to reveals. 
-    Joints and edges: Sealed with double sided tape with vapour resistivity not less than the 
vapour control layer and with an additional layer of adhesive tape over the leading edge 
of the outer sheet. 
•    Penetrations: Sealed. 
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P11 Foamed/ fibre/ bead cavity wall insulation
To be read with Preliminaries/ General conditions.
130 SURVEY OF EXISTING WALLS
•
    
Standard: To BS 8208-1. 
•
    
Timing: Before starting insulation work. 
•
    
Purpose: To confirm suitability for filling. 
•
    
Report: Submit, stating: 
-
    
Form of construction, materials used. 
-
    
General condition of walls. 
-
    
Thickness of walls. 
-
    
Width and condition of cavity. 
-
    
Exposure to wind driven rain. 
-
    
Nature and extent of remedial work and other work required to ensure suitability. 
- Other information considered relevant. 
140 REMEDIAL WORK TO EXISTING WALLS
•
    
Responsibility: Contractor. 
•
    
Work to be carried out: As identified by the survey.. 
•
    
Approval: Obtain before starting insulation work. 
170 SUITABILITY OF WALLS
•
    
Suitability: Check to BS 8208-1. 
•
    
Timing: Before and during filling of cavities. 
•
    
Defects: Report immediately. 
221 PROPRIETARY CAVITY FILL
•
    
Manufacturer: Insta Group Ltd. 
-
    
Product reference: Instafibre Yellow Wool. 
•
    
Recycled content: Up tp 100%. 
•
    
Installer: Approved by the manufacturer and in accordance with the British Board of 
Agrément Surveillance Scheme. 
310 GAPS AND OPENINGS
•
    
Gaps: Seal with tightly packed mineral wool to prevent loss of fill. 
•
    
Openings: Fit approved sleeve to keep openings permanently clear. 
•
    
Air bricks/ grilles of untrunked vents: Remove and seal openings into cavity. 
320 INJECTION HOLES
•
    
Arrangement: Form neatly to a regular pattern and to sizes recommended by cavity fill 
manufacturer. 
•
    
Before commencing filling of each wall: Form all holes in that wall. 
•
    
Precautions: Avoid damage to dpcs, cavity trays, flues, etc. 
•
    
Debris: Prevent from falling into cavity. 
330 MAKING GOOD
•
    
Blockages: Remove from vents and refix or replace any air bricks. 
•
    
Injection holes: Fill, replacing existing materials where possible. 
-
    
Finished appearance: Obtain approval of first few holes before completing the 
remainder. 
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360 RECORDS
•    Record of installation: Include survey results, materials, weather conditions and any 
unusual features. 
370 DOCUMENTATION
•    Certificates, records, guarantees and other documents: Submit on completion. 
Energy Technology Centre
East Kilbride
26 Apr 2010 P11 Page 2  of  2
P12 Fire stopping systems
To be read with Preliminaries/ General conditions.
GENERAL
111 FIRE STOPPING SYSTEMS GENERALLY
•
    
Manufacturer: Abesco Ltd or equal and approved. 
•
    
Installation: All systems and components to be installed strictly in accordance with the 
manufacturer's current instructions. 
161 FIRE RATED MOVEMENT JOINTS TO BLOCKWORK PARTITIONS
•
    
Refer to Section F30/612. 
SYSTEM PERFORMANCE
210 DESIGN
•
    
Design: Complete the design of the fire stopping system. 
•
    
Proposals: Submit drawings, technical information, calculations and manufacturers' 
literature. 
240 FIRE RESISTANCE GENERALLY
•
    
Fire resistance: 
-
    
Rating to BS 476-20: 60/60. 
-
    
Rating to BS EN 13501-2: Not applicable. 
•
    
Surface spread of flame to BS 476-7: Class 0. 
•
    
Smoke resistance: 
-
    
Air leakage rate (maximum): 3 m³/m²·hr. 
PRODUCTS
305 PRODUCT CERTIFICATION
•
    
Certification: For products specified generically, submit evidence of compliance with the 
specification. 
•
    
Acceptable evidence: Tested in accordance with the methodology and criteria described in
BS 476-20:1987.. 
326 BOARDS - COATED MINERAL FIBRE TO LARGE OPENINGS IN WALLS 
•
    
Manufacturer: Abesco Ltd or equal and approved.. 
-
    
Product reference: FR Board, single or double sided as required. To be used in
conjunction with FR Coating and FR Intumescent Acrylic Mastic.. 
331 CABLE TRANSIT SLEEVES FOR MULTIPLE CABLE PENETRATIONS
•
    
Manufacturer: Abesco Ltd or equal and approved.. 
-
    
Product reference: CT120 Cable Transit System, square or round to suit cable
configuration.. 
335 INTUMESCENT FOAMS
•
    
Manufacturer: Abesco Ltd or equal and approved.. 
- Product reference: FP200 FR Expanding Foam. 
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346 INTUMESCENT PILLOWS
•    Manufacturer: Abesco Ltd or equal and approved. 
-    Product reference: FR Pillows. 
•    Usage: Restricted to temporary fire stopping or sealing around restricted access services 
requiring frequent upgrades. 
350 INTUMESCENT PUTTIES
•    Manufacturer: 3M or equal and approved. 
-    Product reference: Moldable Putty. 
380 PIPE COLLARS - SURFACE MOUNTED INTUMESCENT
•    Manufacturer: Abesco Ltd or equal and approved. 
-    Product reference: Super Compact Fire Collar. 
EXECUTION
620 WORKMANSHIP GENERALLY
•    Gaps: Seal gaps between building elements and services, to provide fire resistance and 
resist the passage of smoke. 
•    Adjacent surfaces: Prevent overrun of sealant or mortar on to finished surfaces. 
COMPLETION
910 CLEANING
•    Masking tapes: Remove. 
•    Cleaning: Clean off splashes and droppings. Wipe down finishes. 
920 INSPECTION
•    Notice for inspection (minimum): 5 days. 
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P20 Unframed isolated trims/ skirtings/ sundry items
To be read with Preliminaries/ General conditions
REVISIONS
Revision A: 11.05.10 - Clause 211 added. 
115 SOFTWOOD FACINGS TO INTERNAL DOORS
•
    
Quality of wood and fixing: To BS 1186-3. 
-
    
Species: European redwood. 
-
    
Class: 2. 
•
    
Preservative treatment: Not required. 
•
    
Fire rating: Not applicable. 
•
    
Profile: Twice pencil rounded. 
-
    
Finished size: 18 x 75mm. 
•
    
Finish as delivered: Primed for painting. 
210 MEDIUM DENSITY FIBREBOARD LININGS TO REPLACEMENT WINDOWS AND 
DOORS IN EXISTING OPENINGS
•
    
Manufacturer:   Contractor's choice. 
-
    
Product reference: Contractor's choice. 
•
    
Standard: To BS EN 622-5. 
-
    
Type: MDF. 
-
    
Formaldehyde class: To BS EN 622-1, Class E1. 
•
    
Fire rating: Not applicable. 
•
    
Thickness: Cills 25mm, jambs and head 15mm. 
Edges: 3mm chamfer on leading edges. 
•
    
Finish: Prepared and primed for painting. 
•
    
Support/ Fixing: Countersunk screw fixed, filled and finished flush. 
211 MEDIUM DENSITY FIBREBOARD LININGS TO BUILDING 1 INFILL PANELS
•
    
Manufacturer:   Contractor's choice. 
-
    
Product reference: Contractor's choice. 
•
    
Standard: To BS EN 622-5. 
-
    
Type: Moisture resistant MDF. 
-
    
Formaldehyde class: To BS EN 622-1, Class E1. 
•
    
Fire rating: Not applicable. 
•
    
Thickness: 15mm. 
Edges: Square. 
•
    
Finish: Prepared and primed for painting. 
•
    
Support/ Fixing: Countersunk screw fixed, unfilled to allow future removal. 
EXECUTION
510 INSTALLATION GENERALLY
•
    
Joinery workmanship: As section Z10. 
•
    
Metal workmanship: As section Z11. 
•
    
Methods of fixing and fasteners: As section Z20 where not specified. 
•
    
Straight runs: To be in one piece, or in long lengths with as few joints as possible. 
•
    
Running joints: Location and method of forming to be agreed where not detailed. 
•
    
Joints at angles: Mitre, unless shown otherwise. 
•
    
Position and level: To be agreed where not detailed. 
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Q40 Fencing
To be read with Preliminaries/ General conditions.
REVISIONS
Revision A: 13.05.10 - Clause 411 updated. 
Revision B: 21.02.13 - Clause 411 updated. 
FENCING SYSTEMS
411 PURPOSE MADE FENCING AND GATES TO SITE PERIMETER
•    Drawing reference: 0954(21)015 
•    Height: 2000 mm. 
•    Materials: Scottish Larch (Larix Decidua). 
-    Supplier: Russwood Ltd, Station Sawmill, Newtonmore, Scotland PH20 1AR 
-    Product reference: Graded Scotlarch 
-    Vertical boards: 150, 100 and 50mm wide x 25mm thick. 
-    Fixing: Stainless steel screws. 
-    Rails: 100 x 50mm. 
-    Finish: None. 
Colour: As supplied . 
•    Centres of posts (maximum): 2000mm. 
•    Posts: 100 x 100mm galvanised SHS. 
•    Method of setting posts: Mass concrete to Structural Engineer's details. 
•    Side hung and sliding gates: Graded Scotlarch on galvanised steel frame to Structural 
Engineer's details 
•    Accessories: Galvanised steel drop bolts and lockable barrel bolt to gates. 
EXECUTION
710 INSTALLATION GENERALLY
•    Set out and erect: 
-    Alignment: Straight lines or smoothly flowing curves. 
-    Tops of posts: Following profile of the ground. 
-    Setting posts: Rigid, plumb and to specified depth, or greater where necessary to ensure 
adequate support. 
-    Fixings: All components securely fixed. 
720 SETTING POSTS IN CONCRETE
•    Standard: To BS 8500-2. 
•    Mix: Designated concrete not less than GEN1 or Standard prescribed concrete not less 
than ST2. 
•    Alternative mix for small quantities: 50 kg Portland cement to 150 kg fine aggregate to 250 
kg 20 mm nominal maximum size coarse aggregate, medium workability. 
•    Admixtures: Do not use. 
•    Holes: Excavate neatly and with vertical sides. 
•    Filling: Position post/ strut and fill hole with concrete to not less than the specified depth, 
well rammed as filling proceeds and consolidated. 
•    Backfilling of holes not completely filled with concrete: Excavated material, well rammed 
and consolidated. 
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780 MAKING GOOD GALVANIZED SURFACES
•    Treatment of minor damage (including on fasteners and fittings): Low melting point zinc 
alloy repair rods or powders made for this purpose, or at least two coats of zinc-rich paint 
to BS 4652. 
•    Thickness: Apply sufficient material to provide a zinc coating at least equal in thickness to 
the original layer. 
COMPLETION
910 CLEANING
•    General: Leave the works in a clean, tidy condition. 
•    Surfaces: Clean immediately before handover. 
920 FIXINGS
•    All components: Tighten. 
-    Timing: Before handover. 
930 GATES
•    Hinges, latches and closers: Adjust to provide smooth operation. Lubricate where 
necessary. 
-    Timing: Before handover. 
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R10 Rainwater drainage systems
To be read with Preliminaries/ General conditions.
REVISIONS
Revision A: 13.05.10 - Clause 112 added. 
Revision B: 21.02.13 - Clause 111 omitted. 
GENERAL
112 GRAVITY RAINWATER DRAINAGE SYSTEM TO EXISTING FLAT ROOFS 
•    Rainwater outlets: New proprietary as Section J42/115 and 125. 
•    Gutters: None. 
•    Pipework: Connect to existing downpipes. 
SYSTEM PERFORMANCE
210 DESIGN
•    Design: Complete the design of the rainwater drainage system. 
•    Standard: To BS EN 12056-3, clauses 3-7 and National Annexes. 
•    Proposals: Submit drawings, technical information, calculations and manufacturers' 
literature. 
221 COLLECTION AND DISTRIBUTION OF RAINWATER
•    General: Complete, and without leakage or noise nuisance. 
PRODUCTS
425 PVC-U PIPEWORK - SEALED
•    Standard: To BS EN 1329-1 or BS 4514, Kitemark certified. 
•    Manufacturer: Contractor's choice to approval. 
-    Product reference: Contractor's choice to approval. 
•    Recycled content: Submit proposals. 
•    Nominal size: DN110. 
•    Colour: Grey. 
•    Brackets: PVC-U clips. 
-    Fixings: Stainless steel screws. 
Size: 40 x 4 mm. 
•    Accessories: Access fittings. 
EXECUTION
600 PREPARATION
•    Work to be completed before commencing work specified in this section: 
-    Below ground drainage. Alternatively, make temporary arrangements for dispersal of 
rainwater without damage or disfigurement of the building fabric and surroundings. 
-    Painting of surfaces which will be concealed or inaccessible. 
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605 INSTALLATION GENERALLY
•    Electrolytic corrosion: Avoid contact between dissimilar metals where corrosion may occur. 
•    Plastics and galvanized steel pipes: Do not bend. 
•    Allowance for thermal and building movement: Provide and maintain clearance as fixing 
and jointing proceeds. 
•    Protection: 
-    Fit purpose made temporary caps to prevent ingress of debris. 
-    Fit access covers, cleaning eyes and blanking plates as the work proceeds. 
635 FIXING PIPEWORK
•    Pipework: Fix securely, plumb and/ or true to line. 
•    Branches and low gradient sections: Fix with uniform and adequate falls to drain efficiently. 
•    Externally socketed pipes and fittings: Fix with sockets facing upstream. 
•    Additional supports: Provide as necessary to support junctions and changes in direction. 
•    Vertical pipes:      
-    Provide a loadbearing support at least at every storey level. 
-    Tighten fixings as work proceeds so that every storey is self supporting. 
-    Wedge joints in unsealed metal pipes to prevent rattling. 
•    Wall and floor penetrations: Isolate pipework from structure. 
-    Pipe sleeves: As section P31. 
-    Masking plates: Fix at penetrations if visible in the finished work. 
•    Expansion joint pipe sockets: Fix rigidly to buildings. Elsewhere, provide brackets and 
fixings that allow pipes to slide. 
650 JOINTING PIPEWORK AND GUTTERS
•    General: Joint with materials and fittings that will make effective and durable connections. 
•    Jointing differing pipework and gutter systems: Use adaptors intended for the purpose. 
•    Cut ends of pipes and gutters: Clean and square. Remove burrs and swarf. Chamfer pipe 
ends before inserting into ring seal sockets. 
•    Jointing or mating surfaces: Clean and, where necessary, lubricate immediately before 
assembly. 
•    Junctions: Form with fittings intended for the purpose. 
•    Jointing material: Strike off flush. Do not allow it to project into bore of pipes and fittings. 
•    Surplus flux, solvent jointing materials and cement: Remove. 
700 ACCESS FOR TESTING AND MAINTENANCE
•    General: Install pipework and gutters with adequate clearance to permit testing, cleaning 
and maintenance, including painting where necessary. 
•    Access fittings and rodding eyes: Position so that they are not obstructed. 
COMPLETION
906 INTERNAL PIPEWORK TEST - SCOTLAND
•    Standard: To BS EN 12056-2, National annex NG. 
910 GUTTER TEST
•    Preparation: Temporarily block all outlets. 
•    Testing: Fill gutters to overflow level and after 5 minutes closely inspect for leakage. 
920 IMMEDIATELY BEFORE HANDOVER
•    Construction rubbish, debris, swarf, temporary caps and fine dust which may enter the 
rainwater system: Remove. Do not sweep or flush into the rainwater system. 
•    Access covers, rodding eyes, outlet gratings and the like: Secure complete with fixings. 
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Z10 Purpose made joinery
To be read with Preliminaries/ General conditions.
110 FABRICATION
•
    
Standard: To BS 1186-2. 
•
    
Sections: Accurate in profile and length, and free from twist and bowing. Formed out of 
solid unless shown otherwise. 
-
    
Machined surfaces: Smooth and free from tearing, wooliness, chip bruising and other 
machining defects. 
•
    
Joints: Tight and close fitting. 
•
    
Assembled components: Rigid. Free from distortion. 
•
    
Screws: Provide pilot holes. 
-
    
Screws of 8 gauge (4 mm diameter) or more and screws into hardwood: Provide 
clearance holes. 
-
    
Countersink screws: Heads sunk at least 2 mm below surfaces visible in completed 
work. 
•
    
Adhesives: Compatible with wood preservatives applied and end uses of timber. 
120 CROSS SECTION DIMENSIONS OF TIMBER
•
    
General: Dimensions on drawings are finished sizes. 
•
    
Maximum permitted deviations from finished sizes: 
-
    
Softwood sections: To BS EN 1313-1:- 
Clause 6 for sawn sections. 
Clause NA.2 for further processed sections. 
-
    
Hardwood sections: To BS EN 1313-2:- 
Clause 6 for sawn sections. 
Clause NA.3 for further processed sections. 
130 PRESERVATIVE TREATED WOOD
•
    
Cutting and machining: Completed as far as possible before treatment. 
•
    
Extensively processed timber: Retreat timber sawn lengthways, thicknessed, planed, 
ploughed, etc. 
•
    
Surfaces exposed by minor cutting and/ or drilling: Treat as recommended by main 
treatment solution manufacturer. 
140 MOISTURE CONTENT
•
    
Wood and wood based products: Maintained within range specified for the component 
during manufacture and storage. 
210 LAMINATED PLASTICS VENEERED BOARDS/ PANELS
•
    
Fabrication: To British Laminated Plastics Fabricators Association Ltd (BLF) fabricating 
standards. 
•
    
Balancing veneer: From decorative veneer manufacturer and of similar composition. 
Applied to reverse side of core material. 
•
    
Finished components: Free from defects, including bow, twist, scratches, chipping, cracks, 
pimpling, indentations, glue marks, staining and variations in colour and pattern. 
•
    
Joints visible in completed work: Tight butted, true and flush. 
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220 WOOD VENEERED BOARDS/ PANELS
•    Core material and veneers: Conditioned before bonding. 
•    Setting out: Veneer features and grain pattern aligned regularly and symmetrically unless 
instructed otherwise. 
•    Balancing veneer: Applied to reverse side of core material. 
-    Moisture and temperature movement characteristics: As facing veneer. 
•    Veneer edges: Tight butted and flush, with no gaps. 
•    Tolerance of veneer thickness (maximum): ± 0.5 mm. 
•    Finished components: Free from defects, including bow, twist, scratches, chipping, splits, 
blebs, indentations, glue marks and staining. 
•    Surface finish: Fine, smooth, free from sanding marks. 
250 FINISHING
•    Surfaces: Smooth, even and suitable to receive finishes. 
-    Arrises: Eased unless shown otherwise on drawings. 
•    End grain in external components: Sealed with primer or sealer as section M60 and 
allowed to dry before assembly. 
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Z11 Purpose made metalwork
To be read with Preliminaries/ General conditions.
310 MATERIALS GENERALLY
•
    
Grades of metals, section dimensions and properties: To appropriate British Standards. 
When not specified, select grades and sections appropriate for the purpose. 
•
    
Prefinished metal: May be used if methods of fabrication do not damage or alter 
appearance of finish, and finish is adequately protected. 
•
    
Fasteners: To appropriate British Standards and, unless specified otherwise, of same 
metal as component being fastened, with matching coating or finish. 
320 STEEL LONG AND FLAT PRODUCTS
•
    
Hot rolled structural steels (excluding structural hollow sections and tubes): To BS EN 
10025-1. 
•
    
Fine grain steels, including special steels: To BS EN 10025-3 and -4. 
•
    
Steels with improved atmospheric corrosion resistance: To BS EN 10025-5. 
330 STEEL PLATE, SHEET AND STRIP
•
    
Plates and wide flats, high yield strength steel: To BS EN 10025-6. 
340 HOT ROLLED STEEL PLATE, SHEET AND STRIP
•
    
Flat products, high yield strength for cold forming: To BS EN 10149-1, -2 and -3. 
•
    
Carbon steel sheet and strip for cold forming: To BS EN 10111. 
•
    
Narrow strip, formable steel and steel for general engineering purposes: To BS 1449-1.8 
and BS 1449-1.14. 
350 COLD ROLLED STEEL PLATE, SHEET AND STRIP
•
    
Steel sections: To BS EN 10162. 
•
    
Flat products, high yield strength micro-alloyed steels for cold forming: To BS EN 10268. 
•
    
Carbon steel flat products for cold forming: To BS EN 10130 and BS EN 10131. 
•
    
Uncoated carbon steel narrow strip for cold forming: To BS EN 10139 and BS EN 10140. 
•
    
Narrow strip steel for general engineering purposes: To BS EN 10132-1, -2, and -3. 
•
    
Carbon steel flat products for vitreous enamelling: To BS EN 10209. 
360 COATED STEEL FLAT PRODUCTS
•
    
Hot dip zinc coated carbon steel sheet and strip for cold forming: To BS EN 10327 and BS 
EN 10143. 
•
    
Hot dip zinc coated structural steel sheet and strip: To BS EN 10143 and BS EN 10326. 
•
    
Hot dip zinc-aluminium (za) coated sheet and strip: To BS EN 10326 and 10327. 
•
    
Hot dip aluminium-zinc (az) coated sheet and strip: To BS EN 10327. 
•
    
Organic coated flat products: To BS EN 10169-1. 
370 STEEL STRUCTURAL HOLLOW SECTIONS (SHS)
•
    
Non alloy and fine grain steels, hot finished: To BS EN 10210-1 and -2. 
•
    
Non-alloy and fine grain steels, cold formed welded: To BS EN 10219-2. 
•
    
Weather resistant steels, hot finished: To BS 7668. 
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380 OTHER STEEL SECTIONS
•    Equal flange tees: To BS EN 10055. 
•    Equal and unequal angles: To BS EN 10056-1 and -2. 
•    Wire, carbon steel for general engineering purposes: To BS 1052. 
•    Wire and wire products, general: To BS EN 10218-2. 
•    Tubes: 
-    Seamless circular: To BS EN 10297-1. 
-    Seamless cold drawn: To BS EN 10305-1. 
-    Welded and cold sized square and rectangular: To BS EN 10305-5. 
-    Welded circular: To BS EN 10296-1. 
-    Welded cold drawn: To BS EN 10305-2. 
-    Welded cold sized: To BS EN 10305-3. 
410 ALUMINIUM ALLOY PRODUCTS
•    Designations: 
-    Designation system, chemical composition and forms: To BS EN 573-1, -2, -3 and  -5. 
-    Temper designations: To BS EN 515. 
•    Sheet, strip and plate: To BS EN 485-1 to -4. 
•    Cold drawn rods, bars and tubes: To BS EN 754-1 and -2. 
•    Extruded rods, bars, tubes and profiles: To BS EN 755-1 and -2. 
•    Drawn wire: To BS EN 1301-1, -2 and -3. 
•    Rivet, bolt and screw stock: To BS 1473. 
•    Structural sections: To BS 1161. 
FABRICATION
515 FABRICATION GENERALLY
•    Contact between dissimilar metals in components: Avoid. 
•    Finished components: Rigid and free from distortion, cracks, burrs and sharp arrises. 
-    Moving parts: Free moving without binding. 
•    Corner junctions of identical sections: Mitre. 
520 COLD FORMED WORK
•    Profiles: Accurate, with straight arrises. 
525 ADHESIVE BONDING
•    Preparation of surfaces of metals to receive adhesives: 
-    Degrease. 
-    Abrade mechanically or chemically etch. 
-    Prime: To suit adhesive. 
•    Adhesive bond: Form under pressure. 
Energy Technology Centre
East Kilbride
6 May 2010 Z11 Page 2  of  3
527 WELDING GENERALLY. 
•    Welding procedures: 
-    Method and standard: Metal arc welding to BS EN 1011-1 and -2.. 
-    Welding Procedure Specification (WPS): Not required. 
•    Preparation: 
-    Joint preparation: Clean thoroughly. 
-    Surfaces of materials that will be self-finished and visible in the completed work: protect 
from weld splatter. 
•    Jointing: 
-    Joints: Fully bond parent and filler metal throughout with no inclusions, holes, porosity or 
cracks. 
-    Dissimilar metals: Not applicable. 
-    Strength requirements: Welds to achieve design loads. 
-    Heat straightening: Obtain approval. 
-    Complex assemblies: Agree priority for welding members to minimize distortion caused 
by subsequent welds 
-    Tack welds: Use only for temporary attachment. 
-    Jigs: Provide to support and restrain members during welding. 
-    Filler plates: Obtain approval. 
-    Lap joints: Minimum 5 x metal thickness or 25 mm, which ever is greater. 
-    Weld terminations: Clean and sound. 
555 BRAZING
•    Standard: To BS EN 14324. 
•    Testing: 
-    Destructive testing: To BS EN 12797. 
-    Nondestructive testing: To BS EN 12799. 
FINISHING
711 FINISHING WELDED AND BRAZED JOINTS VISIBLE IN COMPLETE WORK
•    Standard: To BS EN ISO 8501-3. 
•    Butt joints: Smooth, and flush with adjacent surfaces. 
•    Fillet joints: Neat. 
•    Grinding: Grind smooth where indicated on drawings. 
745 PREPARATION FOR APPLICATION OF COATINGS
•    General: Complete fabrication, and drill fixing holes before applying coatings. 
•    Paint, grease, flux, rust, burrs and sharp arrises: Remove. 
780 GALVANIZING
•    Standard: To BS EN ISO 1461. 
•    Preparation: 
-    Vent and drain holes: Provide in accordance with BS EN ISO 14713. Seal after sections 
have been drained and cooled. 
-    Components subjected to cold working stresses: Heat treat to relieve stresses before 
galvanizing. 
-    Welding slag: Remove. 
-    Component cleaning: To BS EN ISO 8501-1. 
Grade: St 2½. 
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Z12 Preservative/ fire retardant treatment
To be read with Preliminaries/ General conditions.
110 TREATMENT APPLICATION
•
    
Timing: After cutting and machining timber, and before assembling components. 
•
    
Processor: Licensed by manufacturer of specified treatment solution. 
-
    
Operatives: Must have completed the WPA training scheme . 
•
    
Certification: For each batch of timber provide a certificate of assurance that treatment has 
been carried out as specified. 
120 COMMODITY SPECIFICATIONS
•
    
Standard: Current edition of the Wood Protection Association (WPA) publication 'Industrial 
wood preservation specification and practice'. 
130 PRESERVATIVE TREATMENT SOLUTION STRENGTHS/ TREATMENT CYCLES
•
    
General: Select to achieve specified service life and to suit treatability of specified wood 
species. 
167 BORON COMPOUND PRESERVATIVE TREATMENT
•
    
Solution: 
-
    
Manufacturer: Contractor's choice to approval. 
Product reference: Contractor's choice to approval. 
-
    
Application: High pressure impregnation. 
•
    
Moisture content of wood: 
-
    
At time of treatment: Not more than 28%. 
-
    
After treatment: Timber to be surface dry before using. 
610 MAKING GOOD TO PRESERVATIVE TREATMENT ON SITE
•
    
Preservative solution: Compatible with off-site treatment. 
•
    
Application: In accordance with preservative manufacturer's recommendations. 
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Z20 Fixings and adhesives
To be read with Preliminaries/ General conditions.
PRODUCTS
310 FASTENERS GENERALLY
•
    
Materials: To have: 
-
    
Bimetallic corrosion resistance appropriate to items being fixed. 
-
    
Atmospheric corrosion resistance appropriate to fixing location. 
•
    
Appearance: Submit samples on request. 
320 PACKINGS
•
    
Materials: Noncompressible, corrosion proof. 
•
    
Area of packings: Sufficient to transfer loads. 
330 NAILED TIMBER FASTENERS
•
    
Nails: 
-
    
Steel: To BS 1202-1 or BS EN 10230-1. 
-
    
Copper: To BS EN 1202-2. 
-
    
Aluminium: To BS 1202-3. 
340 MASONRY FIXINGS
•
    
Light duty: Plugs and screws. 
•
    
Heavy duty: Expansion anchors or chemical anchors. 
350 PLUGS
•
    
Type: Proprietary types to suit substrate, loads to be supported and conditions expected in 
use. 
360 ANCHORS
•
    
Types: 
-
    
Expansion: For use in substrate strong enough to resist forces generated by expansion 
of anchor. 
-
    
Adhesive or chemical: 
For use in substrate where expansion of anchor would fracture substrate. 
For use in irregular substrate where expansion anchors cannot transfer load on anchor. 
-
    
Cavity: For use where the anchor is retained by toggles of the plug locking onto the 
inside face of the cavity. 
370 WOOD SCREWS
•
    
Type: 
 -  Wood screws (traditional pattern). 
Standard: To BS 1210. 
 -  Wood screws. 
Pattern: Parallel, fully threaded shank or twin thread types. 
•
    
Washers and screw cups: Where required are to be of same material as screw. 
380 MISCELLANEOUS SCREWS
•
    
Type: To suit the fixing requirement of the components and substrate. 
-
    
Pattern: Self-tapping, metallic drive screws, or power driven screws. 
•
    
Washers and screw cups: Where required to be of same material as screw. 
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390 ADHESIVES GENERALLY
•    Standards: 
-    Hot-setting phenolic and aminoplastic: To BS 1203. 
-    Thermosetting wood adhesives: To BS EN 12765. 
-    Polyvinyl acetate thermoplastic adhesive: To BS 4071. 
410 POWDER ACTUATED FIXING SYSTEMS
•    Types of fastener, accessories and consumables: As recommended by tool manufacturer. 
EXECUTION
610 FIXING GENERALLY
•    Integrity of supported components: Select types, sizes, quantities and spacings of fixings, 
fasteners and packings to retain supported components without distortion or loss of 
support. 
•    Components, substrates, fixings and fasteners of dissimilar metals: Isolate with washers/ 
sleeves to avoid bimetallic corrosion. 
•    Appearance: Fixings to be in straight lines at regular centres. 
620 FIXING THROUGH FINISHES
•    Penetration of fasteners and plugs into substrate: To achieve a secure fixing. 
630 FIXING PACKINGS
•    Function: To take up tolerances and prevent distortion of materials and components. 
•    Limits: Do not use packings beyond thicknesses recommended by fixings and fasteners 
manufacturer. 
•    Locations: Not within zones to be filled with sealant. 
640 FIXING CRAMPS
•    Cramp positions: Maximum 150 mm from each end of frame sections and at 600 mm 
maximum centres. 
•    Fasteners: Fix cramps to frames with screws of same material as cramps. 
•    Fixings in masonry work: Fully bed in mortar. 
650 NAILED TIMBER FIXING
•    Penetration: Drive fully in without splitting or crushing timber. 
•    Surfaces visible in completed work: Punch nail heads below wrot surfaces. 
•    Nailed timber joints: Two nails per joint (minimum), opposed skew driven. 
660 SCREW FIXING
•    Finished level of countersunk screw heads: 
-    Exposed: Flush with timber surface. 
-    Concealed (holes filled or stopped): Sink minimum 2 mm below surface. 
670 PELLETED COUNTERSUNK SCREW FIXING
•    Finished level of countersunk screw heads: Minimum 6 mm below timber surface. 
•    Pellets: Cut from matching timber, match grain and glue in to full depth of hole. 
•    Finished level of pellets: Flush with surface. 
680 PLUGGED COUNTERSUNK SCREW FIXING
•    Finished level of countersunk screw heads: Minimum 6 mm below timber surface. 
•    Plugs: Glue in to full depth of hole. 
•    Finished level of plugs: Projecting above surface. 
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690 USING POWDER ACTUATED FIXING SYSTEMS
•    Powder actuated fixing tools: To BS 4078-2 and Kitemark certified. 
•    Operatives: Trained and certified as competent by tool manufacturer. 
700 APPLYING ADHESIVES
•    Surfaces: Clean. Adjust regularity and texture to suit bonding and gap filling characteristics 
of adhesive. 
•    Support and clamping during setting: Provide as necessary. Do not mark surfaces of or 
distort components being fixed. 
•    Finished adhesive joints: Fully bonded. Free of surplus adhesive. 
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Z21 Mortars
To be read with Preliminaries/ General conditions.
CEMENT GAUGED MORTARS
110 CEMENT GAUGED MORTAR MIXES
•
    
Specification: Proportions and additional requirements for mortar materials are specified 
elsewhere. 
120 SAND FOR SITE MADE CEMENT GAUGED MASONRY MORTARS
•
    
Standard: To BS EN 13139. 
•
    
Grading: 0/2 (FP or MP). 
-
    
Fines content where the proportion of sand in a mortar mix is specified as a range (e.g. 
1:1: 5-6): 
Lower proportion of sand: Use category 3 fines. 
Higher proportion of sand: Use category 2 fines. 
•
    
Sand for facework mortar: Maintain consistent colour and texture. Obtain from one source. 
160 CEMENTS FOR MORTARS
•
    
Cement: To BS EN 197-1 and CE marked. 
-
    
Types:  
   
Portland cement, CEM I. 
Portland limestone cement, CEM ll/A-L or CEM ll/A-LL. 
Portland slag cement, CEM II/B-S.  
    Portland fly ash cement, CEM II/B-V.  
    -
    
Strength class: 32.5, 42.5 or 52.5. 
•
    
White cement: To BS EN 197-1 and CE marked. 
-
    
Type: Portland cement, CEM I. 
-
    
Strength class: 52.5. 
•
    
Sulfate resisting Portland cement: 
-
    
Types:  
   
To BS 4027 and Kitemarked. 
To BS EN 197-1 fly ash cement, CEM ll/B-V and CE marked. 
-
    
Strength class: 32.5, 42.5 or 52.5. 
•
    
Masonry cement: To BS EN 413-1 and CE marked. 
-
    
Class: MC 12.5. 
180 ADMIXTURES FOR SITE MADE CEMENT GAUGED MORTARS
•
    
Air entraining (plasticizing) admixtures: To BS EN 934-3 and compatible with other mortar 
constituents. 
•
    
Other admixtures: Submit proposals. 
•
    
Prohibited admixtures: Calcium chloride, ethylene glycol and any admixture containing 
calcium chloride. 
190 RETARDED READY TO USE CEMENT GAUGED MORTAR
•
    
Standard: To BS EN 998-2. 
•
    
Lime for cement:lime:sand mortars: Nonhydraulic to BS EN 459-1. 
-
    
Type: CL 90S. 
•
    
Pigments for coloured mortars: To BS EN 12878. 
•
    
Time and temperature limitations: Use within limits prescribed by mortar manufacturer. 
- Retempering: Restore workability with water only within prescribed time limits. 
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200 STORAGE OF CEMENT GAUGED MORTAR MATERIALS
•    Sands and aggregates: Keep different types/ grades in separate stockpiles on hard, clean, 
free-draining bases. 
•    Factory made ready-mixed lime:sand/ ready to use retarded mortars: Keep in covered 
containers to prevent drying out or wetting. 
•    Bagged cement/ hydrated lime: Store off the ground in dry conditions. 
210 MAKING CEMENT GAUGED MORTARS
•    Batching: By volume. Use clean and accurate gauge boxes or buckets. 
-    Mix proportions: Based on dry sand. Allow for bulking of damp sand. 
•    Mixing: Mix materials thoroughly to uniform consistency, free from lumps. 
-    Mortars containing air entraining admixtures: Mix mechanically. Do not overmix. 
•    Working time (maximum): Two hours at normal temperatures. 
•    Contamination: Prevent intermixing with other materials. 
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Z22 Sealants
To be read with Preliminaries/General conditions.
PRODUCTS
EXECUTION
610 SUITABILITY OF JOINTS
•
    
Presealing checks: 
-
    
Joint dimensions: Within limits specified for the sealant. 
-
    
Substrate quality: Surfaces regular, undamaged and stable. 
•
    
Joints not fit to receive sealant: Submit proposals for rectification. 
620 PREPARING JOINTS
•
    
Surfaces to which sealant must adhere: 
-
    
Remove temporary coatings, tapes, loosely adhering material, dust, oil, grease, surface 
water and contaminants that may affect bond. 
-
    
Clean using materials and methods recommended by sealant manufacturer. 
•
    
Vulnerable surfaces adjacent to joints: Mask to prevent staining or smearing with primer or 
sealant. 
•
    
Backing strip and/ or bond breaker installation: Insert into joint to correct depth, without 
stretching or twisting, leaving no gaps. 
•
    
Protection: Keep joints clean and protect from damage until sealant is applied. 
630 APPLYING SEALANTS
•
    
Substrate: Dry (unless recommended otherwise) and unaffected by frost, ice or snow. 
•
    
Environmental conditions: Do not dry or raise temperature of joints by heating. 
•
    
Sealant application: Fill joints completely and neatly, ensuring firm adhesion to substrates. 
•
    
Sealant profiles: 
-
    
Butt and lap joints: Slightly concave. 
-
    
Fillet joints: Flat or slightly convex. 
•
    
Protection: Protect finished joints from contamination or damage until sealant has cured. 
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Figure A2 – Photographs of ETC building before  
 
Figure A3 – Photographs of ETC building after  
     Figure A4 – ETC building 1A after refurbishment  
  
Figure A5 – ETC building 1 after refurbishment   
 Figure A6 – ETC building 1a and 1 after building refurbishment  
 
Figure A7 – Aerial shot of ETC building before refurbishment 
 Figure A8 – Interpretation of ETC building after refurbishment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Appendix B - U-value calculation procedure 
 
Figure B1 – ETC Elemental U-value Calculation 
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Appendix B - U-value calculation procedure 
All information was gathered on existing estimates of the buildings fabrics U-
Values from previous reports. Taking this as an approximate guide the U-values 
where then calculated using the CDA building fabric specification and the BRE U-
Value calculator. These results where then used to build fabric Slabs in the 
CYMAP building model programme to equate to the same U-values as the BRE 
calculation.  
Figure B1 – ETC Elemental U-value Calculation  
 
  
Table B1 – U-Value Upgrade estimates from Wallace Whittle Report  
 
External envelop U values, via the addition of thermal insulation, to those required in 
Section 6.2.8 of the building regulations ‘Conversion of heated buildings’. 
 
Element  U value (W/m2K) 
External Wall 0.7 (from Blg 1 – 1.4, Blg 2 – 0.54) 
Floor 0.7 (from 3.4) 
Roof 0.35 (from 3.4) 
 
 
 
 
  
Figure B2 – BRE U-value Calculation  
 
BRE U-value Calculation 
by BRE U-value Calculator version 2.03 
Printed on 20 May 2013 at 21:29 
 
Filename: C:\Users\lorraine.mccauley\Desktop\ExternalWall_Before.uva   (File saved: 20 
May 2013 21:28) 
 
Element type: Wall - Masonry cavity wall (unfilled) 
Calculation Method: BS EN ISO 6946 
 
Table B2 ExternalWall_Before 
Layer    d (mm)    λ layer    λ bridge    Fraction    R layer    R bridge    Description 
                     0.130             Rsi 
   1       12.5     0.210             0.060             Plasterboard (standard wallboard) 
   2     102     0.560             0.182             Brick inner leaf 
   3       50    R-value             0.180             Cavity unventilated 
   4     102     0.770             0.132             Brick outer leaf 
   5       20     1.000             0.020             Render (cement, sand) 
           _                 0.040             Rse 
     287 mm (total wall thickness)         0.744 
 
Total resistance:   Upper limit: 0.744   Lower limit: 0.744   Ratio: 1.000   Average: 
0.744  m²K/W 
 
U-value          1.344 
U-value (rounded)     1.34  W/m²K 
 
Table B3 FLOOR BLG1a BF 
U-value of floor construction: 
Layer    d (mm)    λ layer    λ bridge    Fraction    R layer    R bridge    Description 
                     0.170             Rsi 
   1     150     2.300             0.065             Reinforced concrete beam 
           _                 0.170             Rs (underfloor) 
     150 mm                 0.405 
 
Total resistance:   Upper limit: 0.405   Lower limit: 0.405   Ratio: 1.000   Average: 
0.405  m²K/W 
U-value of floor construction:     2.468 W/m²K 
 
Ground parameters: 
Perimeter P:        63.80 m              Wall thickness:     300 mm 
Area A:      243.00 m²              Ground type:     Clay/silt  (λ = 1.5 W/m·K) 
P/A:        0.263            Rse:     0.04 m²K/W 
Resistance on solum Rg:                0.000 m²K/W 
Depth of underfloor space below ground:     4.000 m  
Floor height above ground:         8.500 m  
U-value of walls above ground (but below inside floor level):      1.50 W/m²K 
Mean wind speed:                  5.00 m/s 
Wind shielding factor:                 0.050 
Ventilation openings per metre length:         0.0015 m²/m 
 
U-value for ground (Ug)         0.692 
U-value of floor deck (Uf)       2.468 
Ventilation equivalent U-value (Ux)     3.419 
 
U-value overall       1.542 
U-value (rounded)     1.54  W/m²K 
 
U-value calculation 
by BRE U-value Calculator version 2.03 
Printed on 20 May 2013 at 22:52 
Calculation Method: BS EN ISO 6946, BS EN ISO 13370 
 
Table B4 Floor - Slab-on-ground floor 
Thermal resistance of floor construction: 
Layer    d (mm)    λ layer    λ bridge    Fraction    R layer    R bridge    Description 
                     0.170             Rsi 
   1     150     2.300             0.065             Reinforced concrete beam 
           _                         _              
     150 mm                 0.235 
 
Total resistance:   Upper limit: 0.235   Lower limit: 0.235   Ratio: 1.000   Average: 
0.235  m²K/W 
 
Ground parameters: 
Perimeter P:        80.00 m              Wall thickness:     300 mm 
Area A:      489.00 m²              Ground type:     Clay/silt  (λ = 1.5 W/m·K) 
P/A:        0.164            Rse:     0.04 m²K/W 
 
U-value         0.307 
U-value (rounded)     0.31  W/m²K   
 
Element type: Roof - Flat roof - tapered insulation layer 
 
 
 
 
 
 
Table B5 Roof_Before 
Layer    d (mm)    λ layer    λ bridge    Fraction    R layer    R bridge    Description 
                     0.100             Rsi 
   1     150     0.660             0.227             Concrete Slab  
   2     100     1.400             0.071             Concrete Screed  
   3       30     0.080             0.375             Cork Insulation  
   4         4     0.230             0.017             Bitumen felt 
           _                 0.040             Rse 
     284 mm (thickness untapered)         0.831 
 
Total resistance:   Upper limit: 0.831   Lower limit: 0.831   Ratio: 1.000   Average: 
0.831  m²K/W 
 
U-value (uncorrected)     1.203 
 
Total ΔU         0.000 
U-value (corrected)     1.203 
U-value (rounded)     1.20  W/m²K 
 
Table B6 Office1-4Windows 
 
Window height:    2000 mm 
Window width:    2000 mm 
Vertical divider:    width of left-hand side (from edge of window to centre of 
divider):    615 mm 
    width of right-hand side (from centre of divider to edge of window):    1385 mm 
Angle to horizontal:    90° (vertical window) 
 
Glazing 
Glazing U-value supplied:  <def data> 
Glazed area:    3.464 m² 
Centre-pane U-value:    1.70 W/m²K 
 
Frame     Left side    Divider    Right side 
Projected width:           70       58       45    mm 
Developed inner:           80       68       55    mm 
Developed outer:           75       63       50    mm 
Frame area:         0.212     0.116     0.208    m² 
Frame U-value:         6.619     6.770     7.024    W/m²K (from ISO 10077-1) 
Frame/glazing 
Glazing perimeter:         2892     3770     4532    mm 
Spacer bar:     Aluminium or steel spacer 
Linear Ψ-value:         0.050     0.050     0.050    W/m·K (from ISO 10077-1) 
 
Window area: 4.00 m²,  Glazed area: 3.46 m² (86.6%),  Frame area: 0.54 m² (13.4%) 
 
U-value         2.525 
U-value (rounded)     2.5  W/m²K 
Table B7 Windows Reception East  
                     
Glazing 
Glazing U-value supplied:  <def data> 
Glazed area:    5.291 m² 
Centre-pane U-value:    1.70 W/m²K 
 
Frame     Left side    Divider    Right side 
Projected width:           70       58       45    mm 
Developed inner:           80       68       55    mm 
Developed outer:           75       63       50    mm 
Frame area:         0.282     0.174     0.253    m² 
Frame U-value:         6.619     6.770     7.024    W/m²K (from ISO 10077-1) 
Frame/glazing 
Glazing perimeter:         3892     5770     5532    mm 
Spacer bar:     Aluminium or steel spacer 
Linear Ψ-value:         0.050     0.050     0.050    W/m·K (from ISO 10077-1) 
 
Window area: 6.00 m²,  Glazed area: 5.29 m² (88.2%),  Frame area: 0.71 m² (11.8%) 
 
U-value         2.430 
U-value (rounded)     2.4  W/m²K 
 
Window height: 3000 mm                Angle to horizontal:    90° (vertical window) 
Window width: 2000 mm 
Vertical divider: width of left-hand side (from edge of window to centre of divider): 615 mm 
                          width of right-hand side (from centre of divider to edge of window): 
1385mm 
 
 
 
Table B8 Window NW Blg1a 
 
Glazing 
Glazing U-value supplied:  <def data> 
Glazed area:    4.124 m² 
Centre-pane U-value:    1.70 W/m²K 
 
Frame     Left side    Divider    Right side 
Projected width:           70       58       45    mm 
Developed inner:           80       68       55    mm 
Developed outer:           75       63       50    mm 
Frame area:         0.198     0.104     0.253    m² 
Frame U-value:         6.619     6.770     7.024    W/m²K (from ISO 10077-1) 
Frame/glazing 
Glazing perimeter:         2692     3370     5532    mm 
Spacer bar:     Aluminium or steel spacer 
Linear Ψ-value:         0.050     0.050     0.050    W/m·K (from ISO 10077-1) 
 
Window area: 4.68 m²,  Glazed area: 4.12 m² (88.1%),  Frame area: 0.56 m² (11.9%) 
 
U-value         2.433 
U-value (rounded)     2.4  W/m²K 
 
Window height:    1800 mm 
Window width:    2600 mm 
Vertical divider:    width of left-hand side (from edge of window to centre of divider):    615 
mm 
    width of right-hand side (from centre of divider to edge of window):    1985 mm 
Angle to horizontal:    90° (vertical window) 
 
Table B9 Window Sm NW Blg1a 
 
Glazing 
Glazing U-value supplied:  <def data> 
Glazed area:    1.271 m² 
Centre-pane U-value:    1.70 W/m²K 
 
Frame     Left side    Divider    Right side 
Projected width:           70       58       45    mm 
Developed inner:           80       68       55    mm 
Developed outer:           75       63       50    mm 
Frame area:         0.128     0.046     0.154    m² 
Frame U-value:         6.619     6.770     7.024    W/m²K (from ISO 10077-1) 
Frame/glazing 
Glazing perimeter:         1692     1370     3332    mm 
Spacer bar:     Aluminium or steel spacer 
Linear Ψ-value:         0.050     0.050     0.050    W/m·K (from ISO 10077-1) 
 
Window area: 1.60 m²,  Glazed area: 1.27 m² (79.5%),  Frame area: 0.33 m² (20.5%) 
 
U-value         2.954 
U-value (rounded)     3.0  W/m²K 
 
 
Window height:    800 mm 
Window width:    2000 mm 
Vertical divider:    width of left-hand side (from edge of window to centre of divider):    615 
mm 
    width of right-hand side (from centre of divider to edge of window):    1385 mm 
Angle to horizontal:    90° (vertical window) 
 
 
 
 
AFTER 
Element type: Roof - Flat roof - tapered insulation layer 
Calculation Method: BS EN ISO 6946 
 
Table B10 Roof_After 
 
Layer    d (mm)    λ layer    λ bridge    Fraction    R layer    R bridge    Description 
                     0.100             Rsi 
   1     150     0.660             0.227             Concrete Slab 
   2     100     1.400             0.071             Concrete Screed 
   3       30     0.080             0.375             Cork Insulation 
   4         4     0.230             0.017             Bitumen felt 
   5         1.5                             Vapour control layer 
   6       90     0.025             3.600             Insulation Polyisocyanurate Ridgid Almu 
   7         1.1     0.250             0.004             EPDM 
           _                 0.040             Rse 
     377 mm (thickness untapered)         4.435 
 
Total resistance:   Upper limit: 4.435   Lower limit: 4.435   Ratio: 1.000   Average: 
4.435  m²K/W 
 
U-value (uncorrected)     0.225 
 
U-value corrections 
Air gaps in layer 2    ΔU = 0.000    (Level 0) 
Fixings in layer 2    ΔU = 0.000    (8.50 per m²,  7.5 mm² cross-section,  λ = 17.0) 
 
Total ΔU         0.000 
 
U-value (corrected)     0.225 
 
Adjustment for tapered layers 
Area (m²)    taper (mm)      ref. & type     R1     R2     U     A × U 
   100.00         80     1-rectangular        0.057    0.224     22.402 
     15.00         80    11-thick apex        0.057    0.224       3.367 
   115.00                         25.769 
 
U = 25.769 / 115.00 =     0.224 
U-value (rounded)     0.22  W/m²K 
 
 
 
 
 
 
 
 
Element type: Wall - Masonry cavity wall (unfilled) 
Calculation Method: BS EN ISO 6946 
 
Table B11 ExternalWall_RenderAFTER 
 
Layer    d (mm)    λ layer    λ bridge    Fraction    R layer    R bridge    Description 
                     0.130             Rsi 
   1       12.5     0.210             0.060             Plasterboard (standard wallboard) 
   2     102     0.560             0.182             Brick inner leaf 
   3       50    R-value             0.180             Cavity unventilated 
   4     102     0.770             0.132             Brick outer leaf 
   5       20     1.000             0.020             Render (cement, sand) 
   6     120     0.037             3.243             mineral wool 
   7       10     1.000             0.010             Render (cement, sand) 
           _                 0.040             Rse 
     417 mm (total wall thickness)         3.997 
 
Total resistance:   Upper limit: 3.997   Lower limit: 3.997   Ratio: 1.000   Average: 
3.997  m²K/W 
 
U-value          0.250 
U-value (rounded)     0.25  W/m²K 
 
 
Element type: Wall - Masonry cavity wall (unfilled) 
Calculation Method: BS EN ISO 6946 
 
Table B12 ExternalWall_TimberInfill_Panel  
 
Layer    d (mm)    λ layer    λ bridge    Fraction    R layer    R bridge    Description 
                     0.130             Rsi 
   1       15     0.130             0.115             Moisture Resistant MDF  
   2                                 Vapour control layer 
   3     100     0.037             2.703             mineral wool 
   4       15     0.130             0.115             OSB 
   5         0.2                             Breather membrane 
   6       45     0.130             0.346             Timber battens 
   7       45     0.130             0.346             Timber battens 
   8       25     0.130             0.192             Softwood (Larix Decidua) 
           _                 0.040             Rse 
     245 mm (total wall thickness)         3.988 
 
Total resistance:   Upper limit: 3.988   Lower limit: 3.988   Ratio: 1.000   Average: 
3.988  m²K/W 
 
U-value          0.251 
U-value (rounded)     0.25  W/m²K 
Element type: Wall - Masonry cavity wall (unfilled) 
Calculation Method: BS EN ISO 6946 
 
Table B13 ExternalWall_TimberOverExisitingAFTER 
 
Layer    d (mm)    λ layer    λ bridge    Fraction    R layer    R bridge    Description 
                     0.130             Rsi 
   1       12.5     0.210             0.060             Plasterboard (standard wallboard) 
   2     103     0.560             0.184             Brick inner leaf 
   3       50    R-value             0.180             Cavity unventilated 
   4     103     0.770             0.134             Brick outer leaf 
   5                                 Vapour control layer 
   6     100     0.037             2.703             mineral wool 
   7       15     0.130             0.115             OSB 
   8         0.2                             Breather membrane 
   9       45     0.130             0.346             Timber battens 
 10       45     0.130             0.346             Timber battens 
 11       25     0.130             0.192             Softwood (Larix Decidua) 
           _                 0.040             Rse 
     499 mm (total wall thickness)         4.430 
 
Total resistance:   Upper limit: 4.430   Lower limit: 4.430   Ratio: 1.000   Average: 
4.430  m²K/W 
 
U-value          0.226 
U-value (rounded)     0.23  W/m²K 
 
 
Table B14 Floor AFTER  
 
U-value of floor construction: 
Layer    d (mm)    λ layer    λ bridge    Fraction    R layer    R bridge    Description 
                     0.170             Rsi 
   1     150     2.300             0.065             Reinforced concrete beam 
   2     110     0.025             4.400             polyurethane rigid foam 
           _                 0.170             Rs (underfloor) 
     260 mm                 4.805 
 
Total resistance:   Upper limit: 4.805   Lower limit: 4.805   Ratio: 1.000   Average: 
4.805  m²K/W 
U-value of floor construction:     0.208 W/m²K 
 
Ground parameters: 
Perimeter P:        63.80 m              Wall thickness:     300 mm 
Area A:      243.00 m²              Ground type:     Clay/silt  (λ = 1.5 W/m·K) 
P/A:        0.263            Rse:     0.04 m²K/W 
Resistance on solum Rg:                0.000 m²K/W 
Depth of underfloor space below ground:         4.000 m 
Floor height above ground:             8.000 m 
U-value of walls above ground (but below inside floor level):      1.50 W/m²K 
Mean wind speed:                  5.00 m/s 
Wind shielding factor:                 0.050 
Ventilation openings per metre length:         0.0015 m²/m 
 
U-value for ground (Ug)         0.692 
U-value of floor deck (Uf)       0.208 
Ventilation equivalent U-value (Ux)     3.222 
 
U-value overall       0.198 
U-value (rounded)     0.20  W/m²K 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
Appendix C – Building Model and Work Schedules 
 
Table C1 Building Energy Simulation Model – CYMAP Data  
 
Table C2 –BUILDING 1 WORK SCHEDULE 15/04/13 
 
Table C3 –BUILDING 1A WORK SCHEDULE 15/04/13 
 
Table C4 – CALCULATION OF PAYBACK PERIOD  
 
Table C5: THREE E’S OF EACH REFURBISHMENT OPTION PER ANNUM AND 
OVER 15 YEARS 
 
Table C6: TOTAL REFURBISHMENT THREE E’S ANAYLSIS AND TOTAL 
PAYBACK PERIOD 
 
 
 
 
 
 
 
 
 
 
 
 
Table C1 Building Energy Simulation Model – CYMAP Data  
Room  Fabric  Building Fabric Slab  
U-
Value  
Office 1 Roof Roof_AF 0.25 
  
Exposed 
Floor Floor_Blg1a_AF 0.23 
  Partition PartitionWall 1.83 
  External Wall ExWall_Render_AF 0.24 
  Internal Door 2) Timber Panel Door 0.81 
  
Internal 
Window 1) Single 6mm Panel 3.95 
  
External 
Window 
6 mm Activ Suncool 70/40 Air 6mm 
Optifloat 1.4 
Office 2 Roof Roof_AF 0.25 
  
Exposed 
Floor Floor_Blg1a_AF 0.23 
  Partition PartitionWall 1.83 
  Partition PartitionWall 1.83 
  Internal Door 2) Timber Panel Door 0.81 
  
Internal 
Window 1) Single 6mm Panel 3.95 
  External Wall ExWall_Render_AF 0.24 
  
External 
Window 
6 mm Activ Suncool 70/40 Air 6mm 
Optifloat 1.4 
Office 3 Roof Roof_AF 0.25 
  
Exposed 
Floor Floor_Blg1a_AF 0.23 
  Partition PartitionWall 1.83 
  External Wall ExWall_Render_AF 0.24 
  
Internal 
Window 1) Single 6mm Panel 3.95 
  Internal Door 2) Timber Panel Door 0.81 
  
External 
Window 
6 mm Activ Suncool 70/40 Air 6mm 
Optifloat 1.4 
Office 4 Roof Roof_AF 0.25 
  
Exposed 
Floor Floor_Blg1a_AF 0.23 
  External Wall ExWall_Render_AF 0.24 
  Partition PartitionWall 1.83 
  
Internal 
Window 1) Single 6mm Panel 3.95 
  Internal Door 2) Timber Panel Door 0.81 
  
External 
Window 
6 mm Activ Suncool 70/40 Air 6mm 
Optifloat 1.4 
Reception Roof Roof_AF 0.25 
  
Exposed 
Floor Floor_Blg1a_AF 0.23 
  Partition PartitionWall 1.83 
  
Internal 
Window 1) Single 6mm Panel 3.95 
  Internal Door 
4) Double Glazed External Steel 
Framed Doo 2.24 
  Internal Door 2) Timber Panel Door 0.81 
  External Wall ExWall_Render_AF 0.24 
  External Door 7) External Glazed Doors 1.5 
  
External 
Window 
6 mm Activ Suncool 70/40 Air 6mm 
Optifloat 1.4 
Boardroom Roof Roof_AF 0.25 
  
Exposed 
Floor Floor_Blg1a_AF 0.23 
  Partition PartitionWall 1.83 
  Internal Door 2) Timber Panel Door 0.81 
  Partition 
5) 13mm plaster, 100l/w block, 
13mm plaste 1.05 
  
Internal 
Window 1) Single 6mm Panel 3.95 
  Partition PartitionWall 1.83 
Male Toilets Roof Roof_AF 0.25 
  
Exposed 
Floor Floor_Blg1a_AF 0.23 
  Partition 
5) 13mm plaster, 100l/w block, 
13mm plaste 1.05 
  External Wall ExWall_Render_AF 0.24 
  Partition 
1) ADL1A 2010 Generic Party Wall 
U0.2 0.2 
  Partition PartitionWall 1.83 
  Internal Door 2) Timber Panel Door 0.81 
  
External 
Window 
6 mm Activ Suncool 70/40 Air 6mm 
Optifloat 1.4 
Female Toilets Roof Roof_AF 0.25 
  
Exposed 
Floor Floor_Blg1a_AF 0.23 
  Partition PartitionWall 1.83 
  Internal Door 2) Timber Panel Door 0.81 
  External Wall ExWall_Render_AF 0.24 
  Partition 
1) ADL1A 2010 Generic Party Wall 
U0.2 0.2 
  
External 
Window 
6 mm Activ Suncool 70/40 Air 6mm 
Optifloat 1.4 
Kitchen Roof Roof_AF 0.25 
  
Exposed 
Floor Floor_Blg1a_AF 0.23 
  Partition PartitionWall 1.83 
  Internal Door 2) Timber Panel Door 0.81 
  External Wall ExWall_Render_AF 0.24 
  
External 
Window 
6 mm Activ Suncool 70/40 Air 6mm 
Optifloat 1.4 
Corridor Roof Roof_AF 0.25 
  
Exposed 
Floor Floor_Blg1a_AF 0.23 
  Partition PartitionWall 1.83 
  Internal Door 2) Timber Panel Door 0.81 
Test Lab 1 Roof Roof_AF 0.25 
  
Exposed 
Floor Floor_Blg1_BF 2.47 
  Partition 
1) ADL1A 2010 Generic Party Wall 
U0.2 0.2 
  External Wall ExWall_Render_AF 0.24 
  External Door 5) Timber Panel Door 0.81 
  External Door 7) External Glazed Doors 1.5 
  
External 
Window 
6 mm Activ Suncool 70/40 Air 6mm 
Optifloat 1.4 
Test Lab 2 Roof Roof_AF 0.25 
  
Exposed 
Floor Floor_Blg1_BF 2.47 
  Partition 
1) ADL1A 2010 Generic Party Wall 
U0.2 0.2 
  External Wall ExWall_Render_AF 0.24 
  External Door 5) Timber Panel Door 0.81 
  External Door 7) External Glazed Doors 1.5 
  
External 
Window Double Clear      BR 2.8 
  
External 
Window 
6 mm Activ Suncool 70/40 Air 6mm 
Optifloat 1.4 
Test Lab 3 Roof Roof_AF 0.25 
  
Exposed 
Floor Floor_Blg1_BF 2.47 
  Partition 
1) ADL1A 2010 Generic Party Wall 
U0.2 0.2 
  External Wall ExWall_Render_AF 0.24 
  External Door 5) Timber Panel Door 0.81 
  External Door 7) External Glazed Doors 1.5 
  
External 
Window Double Clear      BR 2.8 
  
External 
Window 
6 mm Activ Suncool 70/40 Air 6mm 
Optifloat 1.4 
Marine Power 
Lab Roof Roof_AF 0.25 
  
Exposed 
Floor Floor_Blg1_BF 2.47 
  External Wall ExWall_Render_AF 0.24 
  External Door 5) Timber Panel Door 0.81 
  Partition 
1) ADL1A 2010 Generic Party Wall 
U0.2 0.2 
  External Door 7) External Glazed Doors 1.5 
  
External 
Window 
6 mm Activ Suncool 70/40 Air 6mm 
Optifloat 1.4 
Cupboard Roof Roof_AF 0.25 
  
Exposed 
Floor Floor_Blg1a_AF 0.23 
  Partition PartitionWall 1.83 
  Partition PartitionWall 1.83 
  Internal Door 2) Timber Panel Door 0.81 
  External Wall ExWall_Render_AF 0.24 
Entrance Roof Roof_AF 0.25 
  
Exposed 
Floor Floor_Blg1a_AF 0.23 
  Partition PartitionWall 1.83 
  
Internal 
Window 1) Single 6mm Panel 3.95 
  Partition PartitionWall 1.83 
  Internal Door 
4) Double Glazed External Steel 
Framed Doo 2.24 
  External Wall ExWall_Render_AF 0.24 
  External Door 7) External Glazed Doors 1.5 
  Internal Door 2) Timber Panel Door 0.81 
  
External 
Window 
6 mm Activ Suncool 70/40 Air 6mm 
Optifloat 1.4 
 
 
 
 
 
 
 
 
 
 
Table C2 –BUILDING 1 WORK SCHEDULE 15/04/13 
    
 
 
 
 
 
BUILDING 
1 
     
            
  Description 
Approx 
Qty 
Unit Lump Sum 
            
           
  
Downtakings and 
Alterations 
        
            
A 
Strip out the electrical 
system as required by the 
M&E Engineers 
Specificatiion 
    item By Others 
            
B 
Strip out the heating and 
ventilation systems as 
required by the M&E 
Engineers Specification 
    item By Others 
            
C 
Strip off existing roof 
coverings and flashings; 
prepare for reroofing 
478 m2  item       4,588.80  
            
D 
Strip off existing circular 
rooflights 
10 nr  item          540.10  
            
E 
Strip off existing roof plant 
and sundry debris 
478 m2  item       1,620.42  
            
F Clear out sundry debris 478 m2  item       1,080.28  
            
G 
Remove existing windows 
and associated finishes 
52 m2  item          842.40  
            
H 
Remove existing external 
doors and associated 
finishes - double 
12 nr  item          233.28  
            
I 
Remove existing external 
doors and associated 
finishes - single 
1 nr  item            15.12  
            
J 
Remove existing external 
doors and associated 
finishes - roller shutter 
1 nr  item          135.01  
            
    
To 
Summary 
        9,055.41  
            
  Substructure         
            
  No works required                        -    
            
    
To 
Summary 
                   -    
            
  Structural Work         
            
K 
Masonry infills to existing 
openings 
    PS 300.00 
            
A 
Timber framed infills to 
existing openings 
    item 1,980.21 
            
B 
Allow for any other 
structural work required by 
the Structural Engineers 
Drawings 
    PS 1,000.00 
            
    
To 
Summary 
        3,280.21  
            
  Roof         
            
C 
EDPM  roof membrane; 
mineral wool insulation; 
vapour barrier; to existing 
roof;  include all flashings, 
walkway pads etc - please 
submit details of any 
alternative proposal as part 
of your tender submission 
478 m2  item 35,109.10 
            
D 
New polycarbonate 
rooflights; include internal 
ingoes - please submit 
details of any alternative 
proposal as part of your 
tender submission 
8 nr  item       9,584.48  
            
E 
Parapet extension; 300 
high; include capping 
62 m  item 7,331.50 
            
F 
Repairs where 
rooflights/plant removed; 
infilling voids etc 
    item 476.58 
            
G 
Allow for the provision of 
small bases for roof 
equipments; approx 500 x 
500 x 100 overall 
4 nr  item 324.04 
            
H 
Alter and adapt roof 
drainage system as required 
478 m2  PS 1,500.00 
            
    
To 
Summary 
      54,325.70  
            
  Stairs         
                           -    
  No works required         
            
    
To 
Summary 
                   -    
            
  External Walls         
            
I 
Strip found below brick base 
course 
        
            
J Facing brick base course         
            
K 
Overcladding; mineral wool 
slab insulation; adhesive 
and mechanically fixed to 
existing masonry; polymer 
based render finish; include 
all angles, reveals, trims etc 
- please submit details of 
any alternative proposal as 
part of your tender 
submission 
301 m2  item 21,133.21 
            
A 
Overcladding; scottish larch 
boarding; timber battens; 
mineral wool slab insulation; 
mechanically fixed to 
existing masonry; include all 
angles, reveals, trims etc - 
please submit details of any 
alternative proposal as part 
of your tender submission 
187 m2  item 23,141.25 
            
    
To 
Summary 
      44,274.46  
            
  
Windows And 
External  Doors 
        
            
B 
Velfac windows - please 
submit details of any 
alternative proposal as part 
of your tender submission 
52 m2  item 44,622.76 
            
C 
Insulated steel door sets - 
single 
3 nr  item 5,981.60 
            
D 
Insulated steel door sets - 
double 
5 nr  item 7,193.55 
            
E Sills/Rails 64 m  item 1,213.44 
            
F Roller shutter doors 6 nr  item 14,050.65 
            
G Roller shutter door - D2         
            
    
To 
Summary 
      73,062.00  
            
  Fittings And Fixtures         
            
H 
Allow for statutory building 
signage (internal) 
478 m2      
            
    
To 
Summary 
                   -    
            
  Decoration         
            
I Emulsion paint walls 1020 m2  item 4,416.60 
            
J 
Clear finish to timber doors 
& facings 
5 nr  item 324.05 
            
K 
Oil/clear finish to woodwork 
/metalwork generally 
258 m2  item 2,254.92 
            
    
To 
Summary 
        6,995.57  
            
  
Heating And Ventilation 
Installations 
        
            
L 
Heating and Ventilation 
Installation for Buildings 1 
and 1a will be carried out 
directly by the client 
    item By Others 
            
M 
Allow for general 
attendance 
        
            
A 
Allow for the following 
special attendance; as 
required 
    item                  -    
            
    
To 
Summary 
                   -    
            
  Electrical Installations         
            
B 
Electrical Installation for 
Buildings 1 and 1a will be 
carried out directly by the 
client 
    item By Others 
            
C 
Allow for general 
attendance 
    item                  -    
            
D 
Allow for the following 
special attendance; as 
required 
    item                  -    
            
    
To 
Summary 
                   -    
            
  BWIC With Services         
            
  
Allowance for holes, plinths, 
raggles etc 
    item                  -    
            
    
To 
Summary 
                   -    
            
  Other Items         
            
E 
Allow for any other items 
which are either apparent or 
implied by the Drawings and 
Specification to complete 
the Works; including all 
interfaces and anciliary 
items 
        
            
    
To 
Summary 
                   -    
           
            
           
  BUILDING 1      
            
 
Table C3 –BUILDING 1A WORK SCHEDULE 15/04/13 
    
 
 
 
 
 
      
      
      
BUILDING 
1A 
     
      
            
  Description 
Approx 
Qty 
Unit Lump Sum 
            
           
  
Downtakings and 
Alterations 
        
            
A 
Strip out the electrical 
system as required by the 
M&E Engineers 
Specificatiion 
    item By Others 
            
B 
Strip out the heating and 
ventilation systems as 
required by the M&E 
Engineers Specification 
    item By Others 
            
C 
Strip off existing roof 
coverings and flashings; 
prepare for reroofing 
258 m2  item       2,476.80  
            
D 
Remove existing windows 
and associated finishes 
55 m2  item          891.00  
            
E 
Remove existing external 
doors and associated 
finishes - single 
1 nr  item            19.66  
            
F 
Remove existing external 
doors and associated 
finishes - double 
1 nr  item            19.66  
            
    
To 
Summary 
        3,407.12  
            
  Substructure         
            
           
            
    
To 
Summary 
                   -    
            
  Structural Work         
            
  No works required         
            
    
To 
Summary 
                   -    
            
  Roof         
            
G 
EDPM  roof membrane; 
mineral wool insulation; 
vapour barrier; to existing 
roof;  include all flashings, 
walkway pads etc - please 
submit details of any 
alternative proposal as 
258 m2  item 18,950.10 
part of your tender 
submission 
            
A 
Parapet extension; 300 
high; include capping 
68 m  item 8,041.00 
            
B 
Alter and adapt roof 
drainage system as 
required; minor 
258 m2  PS 1,500.00 
            
C 
Allow for the provision of 
small bases for roof 
equipments; approx 500 x 
500 x 100 overall 
4 nr  item   
              28,491.10  
    
To 
Summary 
    
            
  Stairs         
            
  No works required         
                           -    
    
To 
Summary 
    
            
  External Walls         
            
D 
Construct Entrance 
canopy; include structure 
and all finishes 
1 nr      
            
E 
Strip found below brick 
base course 
        
            
F Facing brick base course         
            
G 
Overcladding; mineral 
wool slab insulation; 
adhesive and 
mechanically fixed to 
existing masonry; polymer 
based render fininsh; 
include all angles, reveals, 
trims etc - please submit 
details of any alternative 
209 m2  item 14,673.89 
proposal as part of your 
tender submission 
            
H 
Overcladding; scottish 
larch boarding; timber 
battens; mineral wool slab 
insulation; mechanically 
fixed to existing masonry; 
include all angles, reveals, 
trims etc - please submit 
details of any alternative 
proposal as part of your 
tender submission 
41 m2  item 5,073.75 
              19,747.64  
    
To 
Summary 
    
            
  
Windows And 
External  Doors 
        
            
I 
Velfac windows - please 
submit details of any 
alternative proposal as 
part of your tender 
submission 
55 m2  item INC 
            
J Glazed double door sets 1 nr  item INC 
            
K 
Glazed single door and 
screen 
1 nr  item INC 
            
A Sills/Rails 66 m  item 1,251.36 
            
B Brise Soleil 13 m  item 0.00 
                1,251.36  
    
To 
Summary 
    
            
  Floor Finishes         
            
C 
Insulate underside of floor 
slab; remove and replace 
necessary basement 
ceing mounted services to 
effect the installation, 
include insulating 
258 m2  PS 8,539.20 
attached beams etc - 
please submit details of 
any alternative proposal 
as part of your tender 
submission 
            
                8,539.20  
    
To 
Summary 
    
            
  Decoration         
            
D 
Repaint existing walls and 
woodwork in toilet areas 
    item 702.07 
            
E 
Replace ceiling tiles in 
existing toilet areas 
    item 302.43 
            
                1,004.50  
    
To 
Summary 
    
            
  Fittings And Fixtures         
            
F 
Allow for statutory building 
signage (internal) 
258 m2      
                           -    
    
To 
Summary 
    
            
  
Heating And Ventilation 
Installations 
        
            
G 
Heating and Ventilation 
Installation for Buildings 1 
and 1a will be carried out 
directly by the client 
    item By Others 
            
H 
Allow for general 
attendance 
    item                  -    
            
I 
Allow for the following 
special attendance; as 
required 
    item                  -    
            
                           -    
    
To 
Summary 
    
            
  Electrical Installations         
            
J 
Electrical Installation for 
Buildings 1 and 1a will be 
carried out directly by the 
client 
    item By Others 
            
A 
Allow for general 
attendance 
    item                  -    
            
B 
Allow for the following 
special attendance; as 
required 
    item                  -    
            
                           -    
    
To 
Summary 
    
            
  BWIC With Services         
C 
Allowance for holes, 
plinths, raggles etc 
    PS 1,000.00 
                1,000.00  
    
To 
Summary 
    
            
  Site Works         
            
D New railings to ramp/stair 18 m  item 1,983.06 
                1,983.06  
    
To 
Summary 
    
            
  Other Items         
            
E 
Allow for any other items 
which are either apparent 
or implied by the 
Drawings and 
Specification to complete 
the Works; including all 
interfaces and anciliary 
items 
  item item                  -    
    
To 
Summary 
    
  BUILDING 1A      
            
 
Table C4 – CALCULATION OF PAYBACK PERIOD  
       Fabric 
Refurbishment 
Costs  (£) 
Energy Costs 
Savings  
  Payback 
Period  
     (£ per annum)         (Years) 
Roof 77297.92 1552.6 49.78611362 
Floor 8539.2 1442.56 5.919476486 
Walls 64022.1 509.88 125.5630737 
Doors 28861.9 96.32 299.6459718 
Roof 
lights 
10124.58 56.28 179.8965885 
Windows  39049.82 93.8 416.3093817 
TOTALS 227895.6 3751.44 60.74883245 
 
 
 
 
Table C5: THREE E’S OF EACH REFURBISHMENT OPTION PER ANNUM AND 
OVER 15 YEARS 
  Roof Floor Walls  Doors 
Roofligh
ts  Windows 
Energy 
saved (kWh) 
per annum 15402 
14311.0
0 
5058.3
3 955.55 555.56 930.55 
Energy Cost 
Savings (£) 
per annum 1552.6 1442.56 509.88 96.32 56.00 93.80 
Per annum 
CO2e saved 
(CO2e) 6862 6375.31 
2253.0
0 426 247.4 414.50 
15 years 
energy 
saved (kwH) 
231030.
00 
214665.
00 
75875.
00 
14333.
25 8333.33 13958.25 
15 
years  CO2e 
saved 
(CO2e) 
102930.
00 
95629.7
1 
33795.
00 
6390.0
0 3711.00 6217.50 
15 years 
cost (£) 
23289.0
0 
21638.4
0 
7648.2
0 
1444.8
0 840.00 1407.00 
Refurbishm
ent Costs  
77297.9
2 8539.2 
64022.
1 
28861.
97 
10124.5
8 
       39,049.
82  
 
 
 
Table C6: TOTAL REFURBISHMENT THREE E’S ANAYLSIS AND TOTAL 
PAYBACK PERIOD 
 TOTAL   
Energy saved (kWh) per annum 37212.99   
Energy Cost Savings (£) per annum 3751.16   
Per annum CO2e saved (CO2e) 16578.21   
15 years energy saved (kwH) 558194.83   
15 years  CO2e saved (CO2e) 248673.21   
15 years cost (£) 56267.40   
Refurbishment Costs  Total Refurbishment Costs  227895.6 
 Total Payback Period  60.75336 
 
 
 
 
 
